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ȼȼȿȾȿɇɂȿ 
 
 Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɂɪɢɞɢɣ ɢ ɫɩɥɚɜɵ ɩɥɚɬɢɧɵ, ɛɥɚɝɨɞɚɪɹ 
ɬɚɤɢɦ ɫɜɨɣɫɬɜɚɦ ɤɚɤ ɠɚɪɨɩɪɨɱɧɨɫɬɶ ɢ ɬɭɝɨɩɥɚɜɤɨɫɬɶ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɤɨɪɪɨɡɢɢ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɤɢɫɥɟɧɢɸ ɜ ɤɨɧɬɚɤɬɟ ɫ 
ɨɤɫɢɞɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ 
ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Д1Ж. ɉɪɢɦɟɪɚɦɢ ɢɡɞɟɥɢɣ ɢɡ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ 
ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɵɟ ɚɩɩɚɪɚɬɵ ɢɡ ɩɥɚɬɢɧɨɜɵɯ ɫɩɥɚɜɨɜ ɢ ɢɪɢɞɢɟɜɚɹ 
ɬɢɝɟɥɶɧɚɹ ɚɩɩɚɪɚɬɭɪɚ. Ɋɚɛɨɬɚ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɧɚɩɪɚɜɥɟɧɚ ɧɚ 
ɩɨɥɭɱɟɧɢɟ ɫɬɟɤɥɨɜɨɥɨɤɧɚ, ɩɪɢɦɟɧɹɟɦɨɝɨ ɞɥɹ ɩɟɪɟɞɚɱɢ ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ. 
Ɍɢɝɟɥɶɧɚɹ ɚɩɩɚɪɚɬɭɪɚ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɤɫɢɞɧɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ, 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ. Ɍɚɤɢɟ ɬɟɯɧɨɥɨɝɢɢ ɜɤɥɸɱɟɧɵ ɜ 
ɩɪɢɨɪɢɬɟɬɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɧɚɭɤɢ, ɬɟɯɧɨɥɨɝɢɣ ɢ ɬɟɯɧɢɤɢ ɜ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ ɤɚɤ ɩɨɡɜɨɥɹɸɳɢɟ ɫɨɡɞɚɜɚɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɟ 
ɫɢɫɬɟɦɵ (ɭɬɜ. ɍɤɚɡɨɦ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɨɬ ι ɢɸɥɹ 2011 ɝ. № 899). Ɉɞɧɚɤɨ, 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɨɛɪɚɛɨɬɤɢ ɞɚɜɥɟɧɢɟɦ ɢɪɢɞɢɹ, ɩɥɚɬɢɧɵ ɢ ɢɯ ɫɩɥɚɜɨɜ 
ɹɜɥɹɸɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɡɭɱɟɧɧɵɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɨ ɩɪɢɱɢɧɟ ɨɬɫɭɬɫɬɜɢɹ ɫɜɟɞɟɧɢɣ 
ɨ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, 
ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɢɡɭɱɟɧɢɟ ɪɟɨɥɨɝɢɢ ɭɤɚɡɚɧɧɵɯ ɛɥɚɝɨɪɨɞɧɵɯ 
ɦɟɬɚɥɥɨɜ ɢ ɧɚ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɩɪɢɟɦɨɜ ɢɯ ɨɛɪɚɛɨɬɤɢ ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ 
ɚɤɬɭɚɥɶɧɨɣ. 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɤɥɸɱɟɧɧɵɯ ɜ ɫɥɟɞɭɸɳɢɟ 
ɧɚɭɱɧɵɟ ɩɪɨɝɪɚɦɦɵ:  
 Ɏɟɞɟɪɚɥɶɧɚɹ ɰɟɥɟɜɚɹ ɩɪɨɝɪɚɦɦɚ «ɇɚɭɱɧɵɟ ɢ ɧɚɭɱɧɨ-ɩɟɞɚɝɨɝɢɱɟɫɤɢɟ 
ɤɚɞɪɵ ɢɧɧɨɜɚɰɢɨɧɧɨɣ Ɋɨɫɫɢɢ» Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɊɎ, ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɤɨɧɬɪɚɤɬ ɨɬ 22 ɦɚɪɬɚ 2010 ɝ. № 02.ι40.11.053ι; 
 «Ɋɚɡɪɚɛɨɬɤɚ ɧɚɭɱɧɵɯ ɨɫɧɨɜ ɮɢɡɢɤɢ ɢ ɦɟɯɚɧɢɤɢ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ 
ɞɚɜɥɟɧɢɟɦ ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɷɧɟɪɝɨ- ɢ ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɯ ɢɧɧɨɜɚɰɢɨɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ 
ɧɚɡɧɚɱɟɧɢɹ (ɝɨɫ. ɡɚɞɚɧɢɟ №11.13θ9.2014/Ʉ ɨɬ 18.0ι.2014); 
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 ɉɪɨɟɤɬ № 1ι «Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɰɟɥɶɧɨɲɬɚɦɩɨɜɚɧɧɵɯ ɞɨɧɵɲɟɤ ɮɢɥɶɟɪɧɵɯ ɩɢɬɚɬɟɥɟɣ ɲɢɪɢɧɨɣ ɞɨ 180 ɦɦ» ɢ 
ɩɪɨɟɤɬ ζ19 «Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɰɟɥɶɧɨɲɬɚɦɩɨɜɚɧɧɵɯ ɢɡɞɟɥɢɣ 
ɢɡ ɢɪɢɞɢɹ» ɫɨɝɥɚɫɧɨ ɩɪɢɤɚɡɭ №ι-2013 ɨɬ 1ι.04.2013 ɝ. ɝɟɧɟɪɚɥɶɧɨɝɨ ɞɢɪɟɤɬɨɪɚ 
ɈɈɈ «ȿɁ ɈɐɆ – ɂɇɀɂɇɂɊɂɇȽ» Ƚɪɨɯɨɜɫɤɨɝɨ ɋ.ȼ. ɢ ɝɟɧɟɪɚɥɶɧɨɝɨ ɞɢɪɟɤɬɨɪɚ 
ɈȺɈ «ȿɁ ɈɐɆ» Ȼɨɪɨɜɤɨɜɚ Ⱦ.Ⱥ. 
ɋɬɟɩɟɧɶ ɪɚɡɪɚɛɨɬɚɧɧɨɫɬɢ ɬɟɦɵ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɡɭɱɟɧɢɟ ɬɚɤɨɣ ɜɚɠɧɨɣ 
ɜɟɥɢɱɢɧɵ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɨɜ, ɤɚɤ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ ɞɥɹ ɫɩɥɚɜɨɜ 
ɩɥɚɬɢɧɵ – ɜ ɯɨɥɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɚ ɞɥɹ ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɨɝɨ ɢɪɢɞɢɹ – ɜ ɝɨɪɹɱɟɦ 
ɫɨɫɬɨɹɧɢɢ, ɬ.ɟ. ɞɥɹ ɭɫɥɨɜɢɣ ɢɯ ɨɛɪɚɛɨɬɤɢ. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ 
ɜɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɩɪɨɰɟɫɫɚɯ ɯɨɥɨɞɧɨɣ ɢ 
ɝɨɪɹɱɟɣ ɲɬɚɦɩɨɜɤɢ ɭɤɚɡɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɟɫɥɢ ɞɥɹ ɫɩɥɚɜɨɜ ɩɥɚɬɢɧɵ ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ 
ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɩɪɨɰɟɫɫɚ ɞɟɮɨɪɦɚɰɢɢ, ɬɨ ɞɥɹ ɢɪɢɞɢɹ ɩɪɨɰɟɫɫ ɞɟɮɨɪɦɚɰɢɢ 
ɩɪɢɲɥɨɫɶ ɫɨɡɞɚɜɚɬɶ ɧɨɜɵɣ.  
ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɰɟɫɫɨɜ ɥɢɫɬɨɜɨɣ ɲɬɚɦɩɨɜɤɢ ɡɚɝɨɬɨɜɨɤ ɢɡ ɢɪɢɞɢɹ ɢ ɫɩɥɚɜɨɜ 
ɩɥɚɬɢɧɵ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɞɚɧɧɨɣ ɰɟɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸщɢɟ ɡɚɞɚɱɢ:  
 ɢɡɭɱɢɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ ɫɩɥɚɜɨɜ ɩɥɚɬɢɧɵ ɜ ɯɨɥɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ, ɚ ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɨɝɨ ɢɪɢɞɢɹ – ɜ ɝɨɪɹɱɟɦ ɫɨɫɬɨɹɧɢɢ; 
 ɩɨɫɬɚɜɢɬɶ ɢ ɪɟɲɢɬɶ ɤɪɚɟɜɭɸ ɡɚɞɚɱɭ ɲɬɚɦɩɨɜɤɢ ɞɧɚ 
ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɢ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨ ɤɨɪɪɟɤɬɧɨɫɬɢ ɩɪɢɟɦɨɜ ɢ 
ɩɚɪɚɦɟɬɪɨɜ ɲɬɚɦɩɨɜɤɢ; 
 ɩɨɫɬɚɜɢɬɶ ɢ ɪɟɲɢɬɶ ɤɪɚɟɜɭɸ ɡɚɞɚɱɭ ɲɬɚɦɩɨɜɤɢ ɡɚɝɨɬɨɜɤɢ ɬɢɝɥɹ ɢɡ 
ɢɪɢɞɢɹ ɢ ɩɨɞɨɛɪɚɬɶ ɪɚɰɢɨɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɟɮɨɪɦɚɰɢɢ. 
ɇɚɭɱɧɭɸ ɧɨɜɢɡɧɭ ɢ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɰɟɧɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɥɟɞɭɸɳɢɟ 
ɪɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɢ: 
 ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɨ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɢɪɢɞɢɹ ɢ 
ɫɩɥɚɜɨɜ ɩɥɚɬɢɧɵ, ɨɩɪɟɞɟɥɟɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ 
ɩɪɨɰɟɫɫɚɯ ɥɢɫɬɨɜɨɣ ɲɬɚɦɩɨɜɤɢ; 
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 ɜɵɹɜɥɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɡɚɩɨɥɧɟɧɢɹ ɲɬɚɦɩɚ ɩɪɢ ɦɧɨɝɨɪɹɞɧɨɣ 
ɲɬɚɦɩɨɜɤɟ ɫɩɥɚɜɨɜ ɩɥɚɬɢɧɵ, ɚ ɬɚɤɠɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ 
ɢɪɢɞɢɹ ɩɪɢ ɝɨɪɹɱɟɣ ɥɢɫɬɨɜɨɣ ɲɬɚɦɩɨɜɤɢ, ɤɨɬɨɪɵɟ ɪɚɫɲɢɪɹɸɬ ɡɧɚɧɢɹ ɨɛ 
ɨɫɨɛɟɧɧɨɫɬɹɯ ɞɟɮɨɪɦɚɰɢɢ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ. 
ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɪɚɡɪɚɛɨɬɤɟ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɩɪɨɰɟɫɫɚ ɥɢɫɬɨɜɨɣ ɲɬɚɦɩɨɜɤɢ ɞɧɚ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ 
ɚɝɪɟɝɚɬɚ ɢɡ ɫɩɥɚɜɨɜ ɩɥɚɬɢɧɵ (ɚɤɬ ɜɧɟɞɪɟɧɢɹ ɈȺɈ «ȿɤɚɬɟɪɢɧɛɭɪɝɫɤɢɣ ɡɚɜɨɞ ɩɨ 
ɨɛɪɚɛɨɬɤɟ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ», ɝ. ȼɟɪɯɧɹɹ ɉɵɲɦɚ) ɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ 
ɝɨɪɹɱɟɣ ɲɬɚɦɩɨɜɤɢ ɢɪɢɞɢɟɜɵɯ ɬɢɝɥɟɣ (ɚɤɬ ɜɧɟɞɪɟɧɢɹ ɈɈɈ «ȿɁ ɈɐɆ – 
ɂɇɀɂɇɂɊɂɇȽ», ɝ. ȼɟɪɯɧɹɹ ɉɵɲɦɚ). 
Ɇɟɬɨɞɨɥɨɝɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɫɬɪɨɟɧɚ ɧɚ ɨɫɧɨɜɧɵɯ ɤɨɧɰɟɩɰɢɹɯ ɦɟɯɚɧɢɤɢ 
ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ ɞɚɜɥɟɧɢɟɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɨɫɧɨɜɧɵɯ ɝɢɩɨɬɟɡ 
(ɢɡɨɬɪɨɩɧɨɫɬɢ, ɧɟɫɠɢɦɚɟɦɨɫɬɢ ɢ ɞɪ.) ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɚɩɩɚɪɚɬɚ.   
Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɤɥɸɱɚɸɬ:  
 ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ 
ɪɚɫɬɹɠɟɧɢɟ ɩɪɨɜɨɥɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɜ ɯɨɥɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ;  
 ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɩɥɚɫɬɨɦɟɬɪɢɱɟɫɤɢɯ 
ɢɫɩɵɬɚɧɢɹɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɧɚ ɫɠɚɬɢɟ ɜ ɝɨɪɹɱɟɦ ɫɨɫɬɨɹɧɢɢ; 
 ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ  
ɫɨɫɬɨɹɧɢɹ  ɧɚ ɨɫɧɨɜɟ ɪɟɲɟɧɢɹ ɨɫɧɨɜɧɨɣ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ  ɭɪɚɜɧɟɧɢɣ, 
ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɨɣ ɜ ɪɚɦɤɚɯ ɬɟɨɪɢɢ ɩɥɚɫɬɢɱɧɨɫɬɢ;   
 ɩɪɢɛɥɢɠɟɧɧɨɟ  ɪɟɲɟɧɢɟ  ɤɪɚɟɜɵɯ  ɡɚɞɚɱ  ɦɟɬɨɞɨɦ  ɤɨɧɟɱɧɵɯ  
ɷɥɟɦɟɧɬɨɜ  ɜ  ɩɪɨɝɪɚɦɦɧɵɯ ɦɨɞɭɥɹɯ ɉɅȺɋɌ, ABAQUS, DEFORM, PAM-STAMP 
ɢ QFORM. 
ɉɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚщɢɬɭ: 
 ɩɨɥɭɱɟɧɢɟ ɧɨɜɵɯ ɞɚɧɧɵɯ, ɨɩɢɫɵɜɚɸɳɢɯ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɞɟɮɨɪɦɚɰɢɢ ɨɬ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ ɞɥɹ ɫɩɥɚɜɨɜ ɩɥɚɬɢɧɵ ɜ ɯɨɥɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ; 
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 ɩɨɥɭɱɟɧɢɟ ɛɚɡɵ ɞɚɧɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɜ ɮɭɧɤɰɢɢ 
ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ, ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɢɪɢɞɢɹ ɜ ɝɨɪɹɱɟɦ 
ɫɨɫɬɨɹɧɢɢ; 
 ɨɩɪɟɞɟɥɟɧɢɟ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɜ ɩɪɨɰɟɫɫɚɯ ɯɨɥɨɞɧɨɣ ɲɬɚɦɩɨɜɤɢ 
ɫɩɥɚɜɨɜ ɩɥɚɬɢɧɵ ɜ ɦɧɨɝɨɪɹɞɧɨɦ ɳɟɥɟɜɨɦ ɲɬɚɦɩɟ ɨɩɵɬɧɵɦ ɢ ɪɚɫɱɟɬɧɵɦ 
ɦɟɬɨɞɚɦɢ ɫ ɰɟɥɶɸ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɦɟɧɬɨɜ 
ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɟɤɥɨɜɨɥɨɤɧɚ; 
 ɪɚɫɱɟɬ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ 
ɩɪɨɰɟɫɫɚɯ ɝɨɪɹɱɟɣ ɥɢɫɬɨɜɨɣ ɲɬɚɦɩɨɜɤɢ ɢɪɢɞɢɹ ɫ ɜɵɛɨɪɨɦ ɪɚɰɢɨɧɚɥɶɧɨɝɨ 
ɜɚɪɢɚɧɬɚ ɫ ɰɟɥɶɸ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɢɝɥɟɣ ɢɡ ɫɜɟɪɯɠɚɪɨɩɪɨɱɧɨɝɨ ɢ ɤɨɪɪɨɡɢɨɧɧɨ-
ɫɬɨɣɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
ɋɬɟɩɟɧɶ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɩɨɞɬɜɟɪɠɞɟɧɚ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɞɟɮɨɪɦɚɰɢɢ, 
ɫɪɚɜɧɟɧɢɟɦ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɨɩɵɬɧɨ-
ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɚɛɨɬ. 
Ⱥɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ ɪɟɡɭɥɶɬɚɬɵ 
ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɚ ɫɥɟɞɭɸɳɢɯ 
ɤɨɧɮɟɪɟɧɰɢɹɯ: БIII Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ ɍɪɚɥɶɫɤɚɹ ɲɤɨɥɚ-
ɫɟɦɢɧɚɪ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ-ɦɟɬɚɥɥɨɜɟɞɨɜ: – ȿɤɚɬɟɪɢɧɛɭɪɝ, 2012; Ɋɟɝɢɨɧɚɥɶɧɚɹ 
ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «ɇɚɭɤɚ-Ɉɛɪɚɡɨɜɚɧɢɟ-ɉɪɨɢɡɜɨɞɫɬɜɨ»: – 
ɇɢɠɧɢɣ Ɍɚɝɢɥ, 2013; БIV Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ ɍɪɚɥɶɫɤɚɹ ɲɤɨɥɚ-
ɫɟɦɢɧɚɪ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ-ɦɟɬɚɥɥɨɜɟɞɨɜ: – ȿɤɚɬɟɪɢɧɛɭɪɝ, 2013; Ɇɟɠɞɭɧɚɪɨɞɧɚɹ 
ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ «Ɇɨɥɨɞɟɠɶ ɢ ɧɚɭɤɚ»: – ɇɢɠɧɢɣ Ɍɚɝɢɥ, 2014; 
БV Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɚɹ ɍɪɚɥɶɫɤɚɹ ɲɤɨɥɚ-ɫɟɦɢɧɚɪ ɦɨɥɨɞɵɯ 
ɭɱɟɧɵɯ-ɦɟɬɚɥɥɨɜɟɞɨɜ: – ȿɤɚɬɟɪɢɧɛɭɪɝ, 2014. 
ɉɭɛɥɢɤɚɰɢɢ. Ɉɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 
ɨɩɭɛɥɢɤɨɜɚɧɨ ɜ 11-ɬɢ ɩɟɱɚɬɧɵɯ ɬɪɭɞɚɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɬɪɢ ɫɬɚɬɶɢ ɨɩɭɛɥɢɤɨɜɚɧɨ ɜ 
ɪɟɰɟɧɡɢɪɭɟɦɵɯ ɢɡɞɚɧɢɹɯ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ȼȺɄ ɊɎ. Ɉɞɧɚ ɫɬɚɬɶɹ ɜɨɲɥɚ ɜ 
ɦɟɠɞɭɧɚɪɨɞɧɭɸ ɛɚɡɭ SМШЩЮЬ. 
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1. ɉȺɌȿɇɌɇɈ-ɅɂɌȿɊȺɌɍɊɇɕɃ ɈȻɁɈɊ ɉɈ ɌȿɆȿ 
ȾɂɋɋȿɊɌȺɐɂɈɇɇɈɃ ɊȺȻɈɌɕ 
 
1.1. ɉɪɢɦɟɧɟɧɢɟ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɪɢɞɢɹ 
 
 Ɉɫɧɨɜɧɨɣ ɨɛɥɚɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɢɪɢɞɢɹ ɹɜɥɹɟɬɫɹ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 
ɤɚɱɟɫɬɜɟ ɤɨɧɬɟɣɧɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɤɫɢɞɧɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ. Ɍɚɤ 
ɤɚɤ ɨɤɫɢɞɵ ɢɪɢɞɢɹ ɥɟɬɭɱɢɟ, ɜɨ ɢɡɛɟɠɚɧɢɟ ɡɧɚɱɢɬɟɥɶɧɵɯ ɩɨɬɟɪɶ ɦɟɬɚɥɥɚ ɩɪɨɰɟɫɫ 
ɜɵɪɚɳɢɜɚɧɢɹ ɤɪɢɫɬɚɥɥɨɜ ɩɪɨɬɟɤɚɟɬ ɜ ɧɟɣɬɪɚɥɶɧɨɣ ɢɥɢ ɫɥɚɛɨɨɤɢɫɥɢɬɟɥɶɧɨɣ 
ɚɬɦɨɫɮɟɪɟ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɫɭɬɨɤ, ɚ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɤɫɢɞɧɨɝɨ ɪɚɫɩɥɚɜɚ 
ɬɢɝɟɥɶ ɢɫɩɵɬɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ. Ɇɟɬɨɞɚɦɢ 
ɑɨɯɪɚɥɶɫɤɨɝɨ, Ȼɪɢɞɠɦɟɧɚ, ɋɬɟɩɚɧɨɜɚ ɨɛɵɱɧɨ ɩɨɥɭɱɚɸɬ ɦɨɧɨɤɪɢɫɬɚɥɥɵ ɢɡ 
ɝɚɥɥɢɣ-ɝɚɞɨɥɢɧɢɟɜɵɯ ɢ ɢɬɬɪɢɣ-ɚɥɸɦɢɧɢɟɜɵɯ ɝɪɚɧɚɬɨɜ, ɲɩɢɧɟɥɢ, ɫɚɩɮɢɪɚ, 
ɬɚɧɬɚɥɚɬɚ ɥɢɬɢɹ ɢ ɞɪ., ɬɟɦɩɟɪɚɬɭɪɚ ɜɵɪɚɳɢɜɚɧɢɹ ɤɨɬɨɪɵɯ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 1500°C 
ɞɨ 2100°ɋ. ȼɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɦɨɧɨɤɪɢɫɬɚɥɥɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɥɚɡɟɪɧɨɣ ɢ 
ɨɩɬɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɹɯ, ɚ ɬɚɤɠɟ ɷɥɟɤɬɪɨɧɢɤɟ [2]. 
ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɤɫɢɞɧɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟ ɬɨɥɶɤɨ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɢɥɢ ɤɨɧɢɱɟɫɤɢɟ ɫɜɚɪɧɵɟ ɬɢɝɥɢ ɞɢɚɦɟɬɪɨɦ ɨɬ 20 
ɞɨ 240 ɦɦ, ɜɵɫɨɬɨɣ ɨɬ 20 ɞɨ 240 ɦɦ, ɧɨ ɢ ɪɚɡɧɨɨɛɪɚɡɧɟɣɲɚɹ ɩɨ ɝɟɨɦɟɬɪɢɢ 
ɨɫɧɚɫɬɤɚ ɢɡ ɢɪɢɞɢɹ: ɬɟɩɥɨɜɵɟ ɷɤɪɚɧɵ, ɡɚɬɪɚɜɤɨɞɟɪɠɚɬɟɥɢ, ɮɢɥɶɟɪɵ. 
Ⱦɪɭɝɨɣ ɨɛɥɚɫɬɶɸ, ɝɞɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɪɢɞɢɣ, ɹɜɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɪɚɞɢɨɢɡɨɬɨɩɚ IЫ 191, ɤɨɬɨɪɵɣ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɞɚɬɱɢɤɚ ɞɥɹ ɤɨɧɬɪɨɥɹ 
ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɪɨɰɟɫɫɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜ ɦɟɞɢɰɢɧɟ. ȿɳɟ ɨɞɧɢɦ ɨɱɟɧɶ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɪɢɞɢɹ ɢ ɫɩɥɚɜɨɜ ɧɚ ɟɝɨ 
ɨɫɧɨɜɟ ɜ ɤɚɱɟɫɬɜɟ ɷɥɟɤɬɪɨɞɨɜ ɞɥɹ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɫɜɟɱɟɣ ɡɚɠɢɝɚɧɢɹ. ɂɫɩɵɬɚɧɢɹ 
ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɟɫɭɪɫ ɬɚɤɢɯ ɷɥɟɤɬɪɨɞɨɜ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɛɨɥɟɟ 250 ɬɵɫ. ɤɦ 
ɩɪɨɛɟɝɚ.  
Ʉɪɨɦɟ ɬɨɝɨ, ɢɡ ɢɪɢɞɢɹ ɩɨɥɭɱɚɸɬ ɩɪɨɤɚɬ ɬɨɥɳɢɧɨɣ ɨɬ 10,0 ɞɨ 0,02 ɦɦ, 
ɩɪɨɜɨɥɨɤɭ ɞɢɚɦɟɬɪɨɦ ɞɨ 0,1 ɦɦ, ɞɢɫɤɢ ɞɢɚɦɟɬɪɨɦ ɨɬ 2 ɞɨ θ ɦɦ ɢ ɬɨɥɳɢɧɨɣ ɨɬ 0,1 
ɞɨ 0,5 ɦɦ, ɢɡ ɤɨɬɨɪɵɯ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɤɨɧɬɟɣɧɟɪɵ ɞɥɹ ɦɚɥɨɝɚɛɚɪɢɬɧɵɯ 
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ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɨɛɦɨɬɤɢ ɞɥɹ ɷɥɟɤɬɪɨɩɟɱɟɣ, ɚɧɨɞɵ, 
ɷɥɟɦɟɧɬɵ ɢ ɞɟɬɚɥɢ ɬɨɱɧɵɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɥɚɦɩɨɱɟɤ ɧɚɤɚɥɢɜɚɧɢɹ, 
ɧɚɤɨɧɟɱɧɢɤɨɜ ɞɥɹ ɩɟɪɶɟɜ ɢ ɯɢɪɭɪɝɢɱɟɫɤɢɯ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɢɝɥɵ ɞɥɹ ɲɩɪɢɰɟɜ, 
ɧɟɚɦɚɥɶɝɚɦɢɪɭɸɳɢɟ ɤɚɬɨɞɵ.  
 ɂɪɢɞɢɣ ɛɵɥ ɨɬɤɪɵɬ ɜ 1803 ɝɨɞɭ ɚɧɝɥɢɣɫɤɢɦ ɯɢɦɢɤɨɦ ɋɦɢɬɫɨɧɨɦ 
Ɍɟɧɧɚɧɬɨɦ ɜ ɫɨɬɪɭɞɧɢɱɟɫɬɜɟ ɫ ɍɢɥɶɹɦɨɦ ɏ. ɍɨɥɥɚɫɬɨɧɨɦ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ 
ɨɫɦɢɟɦ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɜ ɨɫɚɞɤɟ, ɨɫɬɚɜɲɟɦɫɹ ɩɨɫɥɟ ɪɚɫɬɜɨɪɟɧɢɹ 
ɩɥɚɬɢɧɵ ɜ ɰɚɪɫɤɨɣ ɜɨɞɤɟ. ɇɚɡɜɚɧɢɟ (ɞɪ. ɝɪɟɱ. ἶȡȚȢ – ɪɚɞɭɝɚ) ɨɧ ɩɨɥɭɱɢɥ ɛɥɚɝɨɞɚɪɹ 
ɪɚɡɧɨɨɛɪɚɡɧɨɣ ɨɤɪɚɫɤɟ ɫɜɨɢɯ ɫɨɥɟɣ Д3Ж. 
ɂɪɢɞɢɣ ɹɜɥɹɟɬɫɹ ɯɢɦɢɱɟɫɤɢɦ ɷɥɟɦɟɧɬɨɦ VIII ɝɪɭɩɩɵ ɩɟɪɢɨɞɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɵ ɫ ɚɬɨɦɧɵɦ ɧɨɦɟɪɨɦ ιι ɢ ɚɬɨɦɧɨɣ ɦɚɫɫɨɣ 192,2. ɗɬɨ ɨɱɟɧɶ ɬɜɟɪɞɵɣ, 
ɬɭɝɨɩɥɚɜɤɢɣ ɦɟɬɚɥɥ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ ɫɟɪɟɛɪɢɫɬɨ-ɛɟɥɨɝɨ ɰɜɟɬɚ, ɨɛɥɚɞɚɸɳɢɣ 
ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɤɭɛɢɱɟɫɤɨɣ (ȽɐɄ) ɪɟɲɟɬɤɨɣ. Ɉɧ ɭɫɬɨɣɱɢɜ ɤ ɞɟɣɫɬɜɢɸ 
ɤɢɫɥɨɬ, ɳɟɥɨɱɟɣ ɢ ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ ɞɚɠɟ ɜ ɤɢɩɹɳɟɣ ɰɚɪɫɤɨɣ ɜɨɞɤɟ, ɨɛɥɚɞɚɟɬ 
ɧɚɢɜɵɫɲɟɣ ɫɪɟɞɢ ɦɟɬɚɥɥɨɜ ɯɢɦɢɱɟɫɤɨɣ ɢɧɟɪɬɧɨɫɬɶɸ Д4]. 
ɂɪɢɞɢɣ ɨɛɥɚɞɚɟɬ ɫɚɦɨɣ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɢ ɤɢɩɟɧɢɹ ɫɪɟɞɢ 
ɦɟɬɚɥɥɨɜ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ ɩɨɫɥɟ ɨɫɦɢɹ. Ɍɚɤɚɹ ɠɟ ɝɪɚɞɚɰɢɹ ɦɟɬɚɥɥɨɜ 
ɫɨɯɪɚɧɹɟɬɫɹ ɢ ɤɚɫɚɬɟɥɶɧɨ ɩɥɨɬɧɨɫɬɢ. ɗɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɢɪɢɞɢɹ ɩɪɢ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.2. 
 
Ɍɚɛɥɢɰɚ 1.2 – Ⱦɚɧɧɵɟ ɨ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɟ ɤɢɩɟɧɢɹ ɢ 
ɩɥɨɬɧɨɫɬɢ 
ɋɜɨɣɫɬɜɨ ȿɞɢɧɢɰɚ  ɢɡɦɟɪɟɧɢɹ 
ɂɫɬɨɱɧɢɤ 
[5] [6] [7] 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ °ɋ 2443 2447 2454 Ʉ 2716 2720 2727 
Ɍɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ °ɋ 4577 4500 - Ʉ 4850 4773 - 
ɉɥɨɬɧɨɫɬɶ ɤɝ/ɦ3 22650 22650 22420 
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Ɍɚɤɢɟ ɬɟɩɥɨɜɵɟ ɫɜɨɣɫɬɜɚ ɢɪɢɞɢɹ, ɤɚɤ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɤɚɡɚɧɵ ɧɚ 
ɪɢɫɭɧɤɟ 1.1 [5].  
 
   ɚ       ɛ 
 
ɜ 
Ɋɢɫɭɧɨɤ 1.1 – Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (ɚ), 
ɬɟɩɥɨɟɦɤɨɫɬɢ (ɛ) ɢ  ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɜ) ɢɪɢɞɢɹ 
 
 Ⱦɥɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɛɨɥɶɲɢɧɫɬɜɚ ȽɐɄ ɦɟɬɚɥɥɨɜ ɯɚɪɚɤɬɟɪɧɨ ɬɨ, 
ɱɬɨ ɨɧɢ ɯɨɪɨɲɨ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɢ ɜɵɞɟɪɠɢɜɚɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɩɥɚɫɬɢɱɟɫɤɭɸ 
ɞɟɮɨɪɦɚɰɢɸ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɭɩɪɨɱɧɹɹɫɶ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɧɢɯ ɢɪɢɞɢɣ, ɢɡ-ɡɚ 
ɫɢɥɶɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɢ ɫɤɥɨɧɧɨɫɬɢ ɤ ɯɪɭɩɤɨɦɭ ɦɟɠɡɟɪɟɧɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɜ 
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ, ɫ ɬɪɭɞɨɦ ɩɨɞɞɚɟɬɫɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ Д4]. 
ɉɪɢɧɹɬɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɩɥɨɯɚɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɫɬɶ ɢɪɢɞɢɹ ɫɜɹɡɚɧɚ ɫ ɧɟɞɨɫɬɚɬɨɱɧɨɣ 
ɨɱɢɫɬɤɨɣ ɨɬ ɩɪɢɦɟɫɟɣ. Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɟɬ ɬɨɱɤɚ ɡɪɟɧɢɹ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ 
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ɫɤɥɨɧɧɨɫɬɶ ɤ ɯɪɭɩɤɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɹɜɥɹɟɬɫɹ ɫɨɛɫɬɜɟɧɧɵɦ ɫɜɨɣɫɬɜɨɦ ɦɚɬɟɪɢɚɥɚ, 
ɚ  ɫɟɝɪɟɝɚɰɢɹ ɩɪɢɦɟɫɟɣ ɧɚ ɦɟɠɡɟɪɟɧɧɵɯ ɝɪɚɧɢɰɚɯ ɬɨɥɶɤɨ ɭɫɢɥɢɜɚɟɬ ɟɺ Д8, 9]. 
ȼ ɢɪɢɞɢɢ ɬɟɯɧɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ ɫɧɢɠɟɧɢɟ ɩɥɚɫɬɢɱɧɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ 
ɫɟɝɪɟɝɚɰɢɢ ɩɪɢɦɟɫɟɣ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, ɱɬɨ ɞɟɥɚɟɬ ɬɚɤɨɣ ɦɟɬɚɥɥ ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɟɨɛɪɚɛɚɬɵɜɚɟɦɵɦ. ȼ ɜɵɫɨɤɨɱɢɫɬɨɦ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɢɪɢɞɢɢ ɯɪɭɩɤɨɟ 
ɦɟɠɡɟɪɟɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ (ɏɆɊ) ɬɚɤɠɟ ɜɵɡɵɜɚɟɬ ɫɧɢɠɟɧɢɟ ɩɥɚɫɬɢɱɧɨɫɬɢ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɦɨɧɨɤɪɢɫɬɚɥɥɨɦ, ɯɨɬɹ ɫɟɝɪɟɝɚɰɢɹ ɩɪɢɦɟɫɟɣ ɧɚɛɥɸɞɚɟɬɫɹ ɞɚɥɟɤɨ ɧɟ 
ɧɚ ɜɫɟɯ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɜ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɝɪɚɧɢɰɵ ɡɟɪɟɧ ɜ ɦɟɬɚɥɥɟ 
ɫɚɦɢ ɩɨ ɫɟɛɟ ɹɜɥɹɸɬɫɹ «ɨɩɚɫɧɵɦɢ» ɦɟɫɬɚɦɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɱɢɧɵ ɫɤɥɨɧɧɨɫɬɢ ɤ 
ɯɪɭɩɤɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɪɦɨɠɟɧɢɟ ɞɢɫɥɨɤɚɰɢɣ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ ɢɡ-ɡɚ ɢɯ 
ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ. 
ɋɭɳɟɫɬɜɭɸɬ ɞɜɚ ɫɩɨɫɨɛɚ ɩɨɞɚɜɥɟɧɢɹ ɦɟɠɡɟɪɟɧɧɨɣ ɯɪɭɩɤɨɫɬɢ ɢɥɢ 
ɩɨɜɵɲɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɫɬɢ ɢɪɢɞɢɹ. ɉɟɪɜɵɣ - ɩɭɬɟɦ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɹ 
ɩɨɜɵɫɢɬɶ «ɩɪɨɡɪɚɱɧɨɫɬɶ» ɝɪɚɧɢɰ ɞɥɹ ɞɢɫɥɨɤɚɰɢɣ. ȼɬɨɪɨɣ – ɜɵɜɟɫɬɢ ɝɪɚɧɢɰɵ 
ɡɟɪɟɧ ɢɡ ɦɚɬɟɪɢɚɥɚ, ɬ. ɟ. ɜɵɪɚɫɬɢɬɶ ɦɚɫɫɢɜɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥ, ɢ ɧɟ ɞɨɩɭɫɤɚɬɶ 
ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɬɚɥɥɚ ɩɪɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. ȼ ɥɢɬɟɪɚɬɭɪɟ 
ɢɦɟɟɬɫɹ ɰɟɥɵɣ ɪɹɞ ɞɚɧɧɵɯ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɯ ɨ ɬɨɦ, ɱɬɨ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ 
ɢɪɢɞɢɣ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɩɥɚɫɬɢɱɧɵɦ ɦɚɬɟɪɢɚɥɨɦ, ɢ ɦɨɠɧɨ ɨɠɢɞɚɬɶ, ɱɬɨ ɨɧ ɛɭɞɟɬ 
ɨɛɪɚɛɚɬɵɜɚɬɶɫɹ ɞɚɠɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɉɞɧɚɤɨ ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɤ 
ɦɚɫɫɢɜɧɨɦɭ ɦɨɧɨɤɪɢɫɬɚɥɥɭ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɝɪɭɡɨɤ ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɹɜɥɹɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɟɳɢɧ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɪɚɫɩɚɞɭ ɨɛɪɚɡɰɚ ɧɚ ɱɚɫɬɢ 
[4Ж. ɂ ɬɨɥɶɤɨ ɩɪɢ ɫɠɚɬɢɢ, ɩɪɢ  ɦɢɧɢɦɚɥɶɧɨɦ ɭɪɨɜɧɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, 
ɦɨɧɨɤɪɢɫɬɚɥɥɵ ɢ ɦɟɥɤɨɡɟɪɧɢɫɬɵɟ ɩɨɥɢɤɪɢɫɬɚɥɥɵ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɢɡ 
ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɡɚɝɨɬɨɜɨɤ, ɦɨɠɧɨ ɞɟɮɨɪɦɢɪɨɜɚɬɶ ɛɟɡ ɪɚɡɪɭɲɟɧɢɹ ɞɨ ι0-80 
%. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɡɚɝɨɬɨɜɨɤ ɫɜɟɪɯɱɢɫɬɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ 
ɢɪɢɞɢɹ  ɢ ɟɝɨ ɫɩɥɚɜɨɜ ɢ ɫɜɟɞɟɧɢɟ ɤ ɦɢɧɢɦɭɦɭ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɦɨɠɟɬ 
ɜ ɤɚɤɨɣ-ɬɨ ɦɟɪɟ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɨɛɪɚɛɚɬɵɜɚɟɦɨɫɬɢ ɢɪɢɞɢɹ Д10].  
ɏɨɥɨɞɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɢɪɢɞɢɹ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɤɚɱɟɫɬɜɟɧɧɵɟ ɢɡɞɟɥɢɹ 
ɢɡ-ɡɚ ɧɢɡɤɨɣ ɟɝɨ ɩɥɚɫɬɢɱɧɨɫɬɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɞɟɮɨɪɦɚɰɢɢ. 
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ɉɨɷɬɨɦɭ ɨɛɪɚɛɨɬɤɚ ɢɪɢɞɢɹ ɞɚɜɥɟɧɢɟɦ ɩɪɨɜɨɞɢɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɟ ɧɢɠɟ 1000 
°ɋ. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɢɪɢɞɢɹ ɜ ɨɬɨɠɠɟɧɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.3 [6Ж. ɇɚ ɪɢɫɭɧɤɟ 
1.2 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɨɬɨɠɠɟɧɧɨɣ 
ɢɪɢɞɢɟɜɨɣ ɩɪɨɜɨɥɨɤɢ Д11]. 
 
Ɍɚɛɥɢɰɚ 1.3 – Ⱦɚɧɧɵɟ ɨ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɢɪɢɞɢɹ 
Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɘɧɝɚ, Ƚɉɚ 538,3 
Ʉɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ 0,28 
Ɍɜɟɪɞɨɫɬɶ HV, Ɇɉɚ 1700-2200 
ȼɪɟɦɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, Ɇɉɚ 400-500 
ɍɫɥɨɜɧɵɣ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ, Ɇɉɚ 90-120 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ, % 6-10 
 
 
Ɋɢɫɭɧɨɤ 1.2 – Ɂɚɜɢɫɢɦɨɫɬɢ ɭɫɥɨɜɧɨɝɨ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ı0,2 (1), ɜɪɟɦɟɧɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ıȼ (2) ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ į (3) ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
 
1.2. ɋɜɨɣɫɬɜɚ ɢ ɪɨɥɶ ɫɩɥɚɜɨɜ ɩɥɚɬɢɧɵ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 
 
 ɒɢɪɨɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɥɚɬɢɧɵ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɛɭɫɥɨɜɥɟɧɨ ɟɟ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɜɵɫɨɤɢɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ 
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ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ – ɩɥɚɫɬɢɱɧɨɫɬɶɸ, ɫɜɚɪɢɜɚɟɦɨɫɬɶɸ ɢ ɞɪ. Ɉɫɧɨɜɧɵɦɢ ɨɛɥɚɫɬɹɦɢ 
ɩɪɢɦɟɧɟɧɢɹ ɩɥɚɬɢɧɵ ɢ ɟɟ ɫɩɥɚɜɨɜ ɹɜɥɹɸɬɫɹ:  
- ɯɢɦɢɱɟɫɤɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ (ɤɚɬɚɥɢɡɚɬɨɪɧɵɟ ɫɟɬɤɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ, ɥɚɛɨɪɚɬɨɪɧɚɹ ɩɨɫɭɞɚ, ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɢ ɩɨɪɨɲɤɢ);  
- ɷɥɟɤɬɪɨɧɢɤɚ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ (ɤɨɧɬɚɤɬɵ ɪɚɡɪɵɜɧɵɟ ɢ ɫɤɨɥɶɡɹɳɢɟ, 
ɤɨɧɬɚɤɬ-ɞɟɬɚɥɢ, ɬɟɪɦɨɷɥɟɤɬɪɨɞɧɚɹ ɩɪɨɜɨɥɨɤɚ); 
- ɦɟɞɢɰɢɧɫɤɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ (ɫɬɨɦɚɬɨɥɨɝɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ, ɷɥɟɤɬɪɨɞɵ 
ɞɥɹ ɫɬɢɦɭɥɹɰɢɢ ɫɟɪɞɰɚ); 
- ɸɜɟɥɢɪɧɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ (ɩɨɥɭɮɚɛɪɢɤɚɬɵ ɞɥɹ ɸɜɟɥɢɪɧɵɯ ɢɡɞɟɥɢɣ); 
- ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ (ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ, ɫɬɚɧɞɚɪɬɧɵɟ 
ɨɛɪɚɡɰɵ, ɩɪɨɛɢɪɧɵɟ ɢɝɥɵ, ɩɪɢɩɨɢ); 
- ɫɬɟɤɨɥɶɧɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ (ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɵɟ ɚɩɩɚɪɚɬɵ ɢ ɮɢɥɶɟɪɧɵɟ 
ɩɢɬɚɬɟɥɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɟɤɥɨɜɨɥɨɤɧɚ ɢ ɛɚɡɚɥɶɬɨɜɵɯ ɧɢɬɟɣ; ɬɢɝɥɢ, ɤɨɬɥɵ, 
ɫɥɢɜɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɢ ɦɟɲɚɥɤɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ). 
Ɉɞɧɚɤɨ ɩɪɢɯɨɞɢɬɶɫɹ ɦɢɪɢɬɶɫɹ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɩɪɨɱɧɨɫɬɶɸ ɩɥɚɬɢɧɵ 
ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɗɬɨɬ ɧɟɞɨɫɬɚɬɨɤ ɭɫɬɚɧɨɜɢɥ ɠɟɫɬɤɢɟ ɨɝɪɚɧɢɱɟɧɢɹ 
ɧɚ ɤɨɧɫɬɪɭɤɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɡ ɩɥɚɬɢɧɵ ɢ ɨɛɨɡɧɚɱɢɥ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɡɞɚɧɢɹ 
ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɩɥɚɬɢɧɵ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɛɵ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɤ 
ɞɟɮɨɪɦɚɰɢɢ ɩɨɥɡɭɱɟɫɬɢ ɢ ɪɚɡɪɭɲɟɧɢɸ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ 
ɩɨɥɨɜɢɧɵ ɢɯ ɚɛɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ. 
ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɥɟɝɢɪɨɜɚɧɢɟ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɩɨɫɨɛ 
ɭɩɪɨɱɧɟɧɢɹ. ɉɥɚɬɢɧɨɪɨɞɢɟɜɵɟ ɫɩɥɚɜɵ ɨɛɥɚɞɚɸɬ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɱɧɨɫɬɶɸ ɢ 
ɠɚɪɨɫɬɨɣɤɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɹ ɫ ɱɢɫɬɨɣ ɩɥɚɬɢɧɨɣ, ɩɨɷɬɨɦɭ ɢɡɞɟɥɢɹ ɢɡ ɷɬɢɯ 
ɫɩɥɚɜɨɜ ɨɛɥɚɞɚɸɬ ɩɨɜɵɲɟɧɧɵɯ ɫɪɨɤɨɦ ɫɥɭɠɛɵ. ɇɨ ɩɟɪɫɩɟɤɬɢɜɵ ɩɨɥɭɱɟɧɢɹ 
ɩɭɬɟɦ ɥɟɝɢɪɨɜɚɧɢɹ ɫɩɥɚɜɚ ɫ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɵɟ 
ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɹɬ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ ɩɥɚɬɢɧɵ ɫ (20 - 25) % ɪɨɞɢɹ, ɜɟɫɶɦɚ 
ɨɝɪɚɧɢɱɟɧɵ, ɬɚɤ ɤɚɤ ɞɚɥɶɧɟɣɲɢɟ ɞɨɛɚɜɤɢ ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɦɟɧɶɲɚɸɬ ɫɬɨɣɤɨɫɬɶ ɩɥɚɬɢɧɵ ɜ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɜɵɫɨɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ. ɗɬɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɢɜɨɞɹɬ ɤ ɥɨɝɢɱɟɫɤɨɦɭ ɜɵɜɨɞɭ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɟ 
14 
 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɛɭɞɭɬ ɩɨɥɭɱɟɧɵ ɡɚ ɫɱɟɬ ɜɤɥɸɱɟɧɢɹ ɜ ɩɥɚɬɢɧɨɜɭɸ ɦɚɬɪɢɰɭ ɦɟɥɤɨɣ, 
ɯɨɪɨɲɨ ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɨɣ ɧɟɦɟɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ [12]. 
ȼ ɤɨɧɰɟ ɏɏ ɜɟɤɚ ɜ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦ ɰɟɧɬɪɟ «JШСЧЬШЧ εКЭЭСОв Company» 
(ɋɒȺ) ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɩɪɨɰɟɫɫ ɞɢɫɩɟɪɫɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɩɥɚɬɢɧɵ ɧɟɛɨɥɶɲɢɦɢ 
ɞɨɛɚɜɤɚɦɢ ɨɤɢɫɢ ɰɢɪɤɨɧɢɹ [13Ж. ɉɪɚɤɬɢɱɟɫɤɢ ɤɨɥɢɱɟɫɬɜɨ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ 
ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ 0,5% (ɨɛɴɟɦɧ.), ɱɬɨ ɜ ɝɪɭɛɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɪɹɞɤɚ 0,1%. ȼɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɫɩɟɪɝɚɬɨɪɚ ɦɨɝɭɬ 
ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɢɫɬɨɱɧɢɤ ɡɚɝɪɹɡɧɟɧɢɹ ɜ ɬɚɤɢɯ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɩɪɢɦɟɫɹɦ 
ɫɮɟɪɚɯ, ɤɚɤ ɩɪɨɢɡɜɨɞɫɬɜɨ ɨɩɬɢɱɟɫɤɨɝɨ ɫɬɟɤɥɚ, ɚ ɬɚɤɠɟ ɭɯɭɞɲɚɬɶ ɩɥɚɫɬɢɱɧɨɫɬɶ, 
ɪɚɛɨɱɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɥɚɬɢɧɵ ɞɨ ɧɟɩɪɢɟɦɥɟɦɨɝɨ 
ɭɪɨɜɧɹ. ɇɨɜɵɣ ɦɚɬɟɪɢɚɥ, ɧɚɡɜɚɧɧɵɣ ZGS-Ɋt (Zirconia Grain Stabilised), ɩɨɥɭɱɢɥ 
ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ȿɝɨ ɩɪɨɱɧɨɫɬɶ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɩɨɥɡɭɱɟɫɬɢ ɥɭɱɲɟ, ɱɟɦ ɭ ɫɬɚɧɞɚɪɬɧɵɯ ɩɥɚɬɢɧɨɪɨɞɢɟɜɵɯ ɫɩɥɚɜɨɜ. ɇɚɪɹɞɭ ɫ ɷɬɢɦ 
ɨɧ ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ ɢɧɟɪɬɧɨɫɬɶɸ, ɩɪɢɫɭɳɟɣ ɩɥɚɬɢɧɟ.  
ȼ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɬɪɭɞɧɨ ɩɨɥɭɱɢɬɶ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ 
ɬɚɤɭɸ ɦɚɥɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ. ɇɢ ɩɪɨɰɟɫɫɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ 
ɫɦɟɲɢɜɚɧɢɹ ɩɨɪɨɲɤɨɜ ɩɥɚɬɢɧɵ ɢ ɨɤɢɫɥɚ ɰɢɪɤɨɧɢɹ, ɧɢ ɩɨɥɭɱɟɧɢɟ ɤɨɦɩɨɡɢɬɨɜ ɢɡ 
ɧɢɯ ɱɟɪɟɡ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɧɟ ɦɨɝɭɬ 
ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɧɵ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ 
ɫɬɟɩɟɧɶ ɞɢɫɩɟɪɫɧɨɫɬɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ ɫɜɨɣɫɬɜ ɜ ɤɨɧɟɱɧɨɦ 
ɩɪɨɞɭɤɬɟ. ɗɬɚ ɩɪɨɛɥɟɦɚ ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɚ, ɟɫɥɢ ɮɨɪɦɢɪɨɜɚɬɶ ɞɢɫɩɟɪɫɧɵɟ ɮɚɡɵ 
ɟɫɬɟɫɬɜɟɧɧɵɦ ɩɭɬɟɦ ɜ ɫɚɦɨɣ ɩɥɚɬɢɧɨɜɨɣ ɦɚɬɪɢɰɟ ɩɪɢ ɩɨɦɨɳɢ ɫɩɟɰɢɚɥɶɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ ɜɧɭɬɪɟɧɧɟɝɨ ɨɤɢɫɥɟɧɢɹ Д14, 15Ж, ɩɨɡɜɨɥɹɸɳɟɣ ɩɨɥɭɱɚɬɶ ɨɱɟɧɶ ɦɚɥɵɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɱɪɟɡɜɵɱɚɣɧɨ ɬɨɧɤɢɯ, ɨɞɧɨɪɨɞɧɵɯ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ 
ɨɩɪɟɞɟɥɟɧɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɱɚɫɬɢɰ ɨɤɢɫɥɚ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɨɝɨ 
ɦɟɬɚɥɥɚ ɜ ɩɥɚɬɢɧɨɜɨɣ ɦɚɬɪɢɰɟ. Ɍɚɤɚɹ ɦɟɬɨɞɢɤɚ ɫɨɫɬɚɜɥɹɟɬ ɨɫɧɨɜɭ ɪɚɡɪɚɛɨɬɤɢ 
ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɩɥɚɬɢɧɵ ɨɤɢɫɥɚɦɢ ɰɢɪɤɨɧɢɹ, ɩɪɢɱɟɦ ɢɫɯɨɞɧɵɦ 
ɩɪɨɞɭɤɬɨɦ ɹɜɥɹɟɬɫɹ ɫɩɥɚɜ ɩɥɚɬɢɧɵ, ɫɨɞɟɪɠɚɳɢɣ 0,0θ% Zr ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ. 
ȼ ɬɚɛɥɢɰɟ 1.4 ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ZGS-Ɋt, ɨɛɵɱɧɨɣ ɩɥɚɜɥɟɧɨɣ 
ɩɥɚɬɢɧɵ ɢ ɫɩɥɚɜɚ Ɋt - 10% Rh. ɇɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɫɜɨɣɫɬɜɚ ɞɢɫɩɟɪɫɧɨ-
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ɭɩɪɨɱɧɟɧɧɨɣ ɩɥɚɬɢɧɵ ɧɚɯɨɞɹɬɫɹ ɩɪɢɦɟɪɧɨ ɩɨɫɟɪɟɞɢɧɟ ɦɟɠɞɭ ɫɜɨɣɫɬɜɚɦɢ ɱɢɫɬɨɣ 
ɩɥɚɬɢɧɵ ɢ ɫɩɥɚɜɚ ɩɥɚɬɢɧɵ ɫ 10% ɪɨɞɢɹ. ɂɡ ɪɢɫɭɧɤɚ 1.3, ɚ ɜɢɞɧɨ, ɱɬɨ ɞɢɫɩɟɪɫɧɨ-
ɭɩɪɨɱɧɟɧɧɚɹ ɩɥɚɬɢɧɚ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɥɟɝɱɟ, ɱɟɦ ɫɩɥɚɜ Pt - 10% Rh. ɉɪɨɰɟɫɫ 
ɪɚɡɭɩɪɨɱɧɟɧɢɹ ɜ ɧɟɣ ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɛɵɫɬɪɟɟ (ɪɢɫɭɧɨɤ 1.3, ɛ). 
 
Ɍɚɛɥɢɰɚ 1.4 – ɋɜɨɣɫɬɜɚ ɩɥɚɜɥɟɧɨɣ ɩɥɚɬɢɧɵ, ZGS-Pt ɢ ɫɩɥɚɜɚ Pt - 10% Rh 
Ɇɚɬɟɪɢɚɥ ɉɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3 ȡ·10-8, Ɉɦ·ɦ ıɜ, Ɇɉɚ* į, %* HV* 
ZGS-Ɋt 21380 11,12 182 42 60 
ɉɥɚɜɥɟɧɚɹ ɩɥɚɬɢɧɚ 21450 10,6 124 40 40,4 
Ɋt - 10% Rh 20000 18,4 331 35 75 
*ɉɨɫɥɟ ɨɬɠɢɝɚ 
 
 
    ɚ     ɛ 
Ɋɢɫɭɧɨɤ 1.3 – Ʉɪɢɜɵɟ ɭɩɪɨɱɧɟɧɢɹ (ɚ) ɢ ɪɚɡɭɩɪɨɱɧɟɧɢɹ (ɛ) ɩɥɚɬɢɧɵ, ZGS-Pt ɢ 
ɫɩɥɚɜɨɜ ɫ ɪɨɞɢɟɦ (ȿ=ln(1+į)): 1 – Pt; 2 – ZGS-Pt; 3 – Pt - 10% Rh; 4 – Pt - 20% Rh 
 
Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɫ ɦɟɥɤɨɣ 
ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɨɣ ɮɚɡɨɣ ɹɜɥɹɟɬɫɹ ɜɧɭɬɪɟɧɧɟɟ ɨɤɢɫɥɟɧɢɟ ɩɥɚɬɢɧɨɜɨɝɨ ɫɩɥɚɜɚ, 
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ɫɨɞɟɪɠɚɳɟɝɨ ɷɥɟɦɟɧɬɵ ɫ ɜɵɫɨɤɢɦ ɫɪɨɞɫɬɜɨɦ ɤ ɤɢɫɥɨɪɨɞɭ Д16Ж. Ɉɞɧɚɤɨ ɩɨɥɧɨɟ 
ɜɧɭɬɪɟɧɧɟɟ ɨɤɢɫɥɟɧɢɟ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢɡ ɩɥɚɬɢɧɵ ɞɨɥɝɨɟ ɜɪɟɦɹ ɫɱɢɬɚɥɨɫɶ 
ɦɚɥɨɜɟɪɨɹɬɧɵɦ ɢɡ-ɡɚ ɨɝɪɚɧɢɱɟɧɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢ ɞɢɮɮɭɡɢɢ ɤɢɫɥɨɪɨɞɚ ɜ 
ɩɥɚɬɢɧɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɧɭɬɪɟɧɧɟɟ ɨɤɢɫɥɟɧɢɟ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢɡ ɩɥɚɬɢɧɵ 
ɬɪɟɛɭɟɬ ɞɥɢɬɟɥɶɧɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ, ɤɨɬɨɪɚɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɨɫɬɨɦ ɡɟɪɧɚ 
ɜɧɭɬɪɢ ɫɬɪɭɤɬɭɪɵ, ɚ ɬɚɤɠɟ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɫɢɞɨɜ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ. Ɉɛɚ ɷɬɢ 
ɷɮɮɟɤɬɚ ɜɵɡɵɜɚɸɬ ɨɯɪɭɩɱɢɜɚɧɢɟ. Ⱦɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɷɬɢɯ ɬɪɭɞɧɨɫɬɟɣ ɨɛɴɟɦ 
ɨɤɢɫɥɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɢ ɩɪɟɞɩɪɢɧɢɦɚɸɬɫɹ ɦɟɪɵ ɩɨ ɭɫɤɨɪɟɧɢɸ 
ɜɧɭɬɪɟɧɧɟɝɨ ɨɤɢɫɥɟɧɢɹ Д17].  
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ, ɤɨɦɩɚɧɢɟɣ «А. C. HОЫКОЮЬ» (Ƚɟɪɦɚɧɢɹ) ɜ 
ɫɨɬɪɭɞɧɢɱɟɫɬɜɟ ɫ ɍɧɢɜɟɪɫɢɬɟɬɨɦ ɉɪɢɤɥɚɞɧɵɯ ɇɚɭɤ (ɝ. Ƀɟɧɚ, Ƚɟɪɦɚɧɢɹ) ɛɵɥ 
ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɤɥɚɫɫ ɞɢɫɩɟɪɫɧɨ-ɭɩɪɨɱɧɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɩɥɚɬɢɧɵ - 
Pt DPH (DisPersion HКЫНОЧОН). Ɉɤɢɫɥɹɟɦɵɟ ɞɨɛɚɜɤɢ ɰɢɪɤɨɧɢɹ, ɢɬɬɪɢɹ, ɚ ɜ 
ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, ɰɟɪɢɹ ɞɨɛɚɜɥɹɸɬ ɤ ɩɥɚɬɢɧɟ ɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɮɨɪɦɟ ɜ ɩɪɨɰɟɫɫɟ 
ɩɥɚɜɤɢ. Ɋɚɫɩɥɚɜɥɟɧɧɵɣ ɦɟɬɚɥɥ ɨɬɥɢɜɚɸɬ ɜ ɫɥɢɬɤɢ. ȼ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɭɸɳɢɯ 
ɨɩɟɪɚɰɢɣ ɮɨɪɦɨɜɚɧɢɹ, ɩɨɥɭɮɚɛɪɢɤɚɬɵ (ɥɢɫɬɵ, ɬɪɭɛɵ ɢ ɩɪɭɬɤɢ) ɩɨɞɜɟɪɝɚɸɬ 
ɨɬɠɢɝɭ ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɪɟɞɟ, ɤɨɬɨɪɚɹ ɩɪɢɜɨɞɢɬ ɤ ɜɧɭɬɪɟɧɧɟɦɭ ɨɤɢɫɥɟɧɢɸ 
ɩɥɚɬɢɧɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼɧɭɬɪɟɧɧɟɟ ɨɤɢɫɥɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɦɟɥɤɢɯ 
ɞɢɫɩɟɪɫɧɵɯ ɨɤɫɢɞɨɜ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɢɡ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɚ 
ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɨɬɠɢɝɚ ɪɟɝɭɥɢɪɭɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ 
ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɟ ɷɥɟɦɟɧɬɵ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɩɪɟɜɪɚɬɢɥɢɫɶ ɜ ɨɤɫɢɞɵ 
[18].  
ɇɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɛɵɥ ɬɚɤɠɟ ɩɨɥɭɱɟɧ ɫɩɥɚɜ PЭ - 10% RС DPH. ȼ 
ɬɚɛɥɢɰɟ 1.4 ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɵɱɧɨɣ 
ɩɥɚɜɥɟɧɨɣ ɩɥɚɬɢɧɵ, ɫɩɥɚɜɚ Ɋt - 10% Rh ɢ ɢɯ ɞɢɫɩɟɪɫɧɨ-ɭɩɪɨɱɧɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɜ 
ɯɨɥɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨ ɞɚɧɧɵɦ ɤɨɦɩɚɧɢɢ «А. C. HОЫКОЮЬ» Д19, 20]. 
ɇɚ ɪɢɫɭɧɤɟ 1.4 ɩɨɤɚɡɚɧɵ ɤɪɢɜɵɟ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɫɩɥɚɜɚ PЭ - 10% Rh 
DPH, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɨɛɪɚɡɰɨɜ ɫ ɩɨɫɬɨɹɧɧɨɣ 
ɫɤɨɪɨɫɬɶɸ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ 1θ00 °ɋ ɧɚ ɜɨɡɞɭɯɟ Д21]. 
 
17 
 
Ɍɚɛɥɢɰɚ 1.4 – Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɥɚɬɢɧɵ, ɫɩɥɚɜɚ Ɋt - 10% Rh ɢ ɢɯ 
ɞɢɫɩɟɪɫɧɨ-ɭɩɪɨɱɧɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɜ ɯɨɥɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ 
Ɇɚɬɟɪɢɚɥ ɉɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3 ıɜ, Ɇɉɚ* į, %* HV* 
Ɋt 21450 128 23 42 
Pt DPH 21350 178 22 60 
Ɋt - 10% Rh 20000 301 38 94 
Pt - 10% Rh DPH 19875 371 27 113 
*ɉɨɫɥɟ ɨɬɠɢɝɚ, ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
 
 
Ɋɢɫɭɧɨɤ 1.4 – Ʉɪɢɜɵɟ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɫɩɥɚɜɚ PЭ - 10% Rh DPH 
  
ɇɚ ɪɢɫɭɧɤɟ 1.5 ɩɨɤɚɡɚɧɨ ɫɟɦɟɣɫɬɜɨ ɤɪɢɜɵɯ ɭɩɪɨɱɧɟɧɢɹ ɫɩɥɚɜɚ PЭ-10% Rh 
DPH, ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɭɫɥɨɜɧɨɝɨ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ. ɉɪɢ 
ɫɚɦɵɯ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɢɫɭɬɫɬɜɭɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɷɬɢɦɢ 
ɞɜɭɦɹ ɡɧɚɱɟɧɢɹɦɢ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɨɱɟɧɶ ɨɝɪɚɧɢɱɟɧɧɨɟ ɭɩɪɨɱɧɟɧɢɟ. ɍɞɥɢɧɟɧɢɟ 
ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ ɢɫɩɵɬɚɧɢɹ. ɗɬɨɬ ɢɧɬɟɪɜɚɥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɢɩɢɱɧɵɣ ɞɢɚɩɚɡɨɧ 
ɬɟɦɩɟɪɚɬɭɪ ɩɪɢɦɟɧɟɧɢɹ ɞɢɫɩɟɪɫɧɨ-ɭɩɪɨɱɧɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɡ ɩɥɚɬɢɧɵ Д21]. 
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Ɋɢɫɭɧɨɤ 1.5 – ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɤɪɢɜɵɟ ɭɩɪɨɱɧɟɧɢɹ ɫɩɥɚɜɚ PЭ-10% Rh DPH 
 
ɈȺɈ «ȿɤɚɬɟɪɢɧɛɭɪɝɫɤɢɣ ɡɚɜɨɞ ɩɨ ɨɛɪɚɛɨɬɤɟ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ» 
ɩɪɢɧɚɞɥɟɠɢɬ ɧɟɫɤɨɥɶɤɨ ɩɚɬɟɧɬɨɜ ɧɚ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ ɞɢɫɩɟɪɫɧɨ-ɭɩɪɨɱɧɟɧɧɵɯ 
ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɩɥɚɬɢɧɵ. ɉɟɪɜɵɣ ɫɩɨɫɨɛ Д22Ж ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɪɢɝɨɬɨɜɥɟɧɢɟ 
ɪɚɫɩɥɚɜɚ ɩɥɚɬɢɧɵ, ɜɜɟɞɟɧɢɟ ɜ ɪɚɫɩɥɚɜ ɥɟɝɢɪɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɪɚɫɱɟɬɧɨɦ 
ɤɨɥɢɱɟɫɬɜɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɦ ɜ ɫɬɪɭɤɬɭɪɟ ɞɢɫɩɟɪɫɧɨ-ɭɩɪɨɱɧɟɧɧɨɝɨ ɫɩɥɚɜɚ ɧɟ 
ɛɨɥɟɟ 1,5% (ɨɛɴɟɦɧ.) ɨɤɫɢɞɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɡɚɬɜɟɪɞɟɜɚɧɢɟ ɪɚɫɩɥɚɜɚ ɫ 
ɩɨɥɭɱɟɧɢɟɦ ɫɥɢɬɤɚ ɩɭɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɜ ɬɢɝɥɟ. Ɂɚɬɟɦ ɦɟɬɚɥɥ ɜɧɨɜɶ ɪɚɫɩɥɚɜɥɹɸɬ, 
ɞɢɫɩɟɪɝɢɪɭɸɬ ɩɭɬɟɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɫɨ 
ɫɤɨɪɨɫɬɶɸ ≥ 103 °ɋ/ɫ ɧɚ ɞɜɢɠɭɳɟɣɫɹ ɩɨɞɥɨɠɤɟ ɫ ɩɨɥɭɱɟɧɢɟɦ ɮɨɥɶɝɨɜɨɝɨ 
ɩɨɥɭɮɚɛɪɢɤɚɬɚ. ɉɨɥɭɱɟɧɧɵɣ ɩɨɥɭɮɚɛɪɢɤɚɬ ɩɨɞɜɟɪɝɚɸɬ ɜɧɭɬɪɟɧɧɟɦɭ ɨɤɢɫɥɟɧɢɸ 
ɩɭɬɟɦ ɨɬɠɢɝɚ ɜ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɟ, ɩɨɫɥɟ ɷɬɨɝɨ ɢɞɟɬ ɩɪɟɫɫɨɜɚɧɢɟ ɢ ɝɨɪɹɱɚɹ 
ɤɨɜɤɚ.  
ȼɬɨɪɨɣ ɫɩɨɫɨɛ Д23Ж ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɫɩɥɚɜɚ ɉɥɊɞ - 10Ⱦɍ. ɋɭɳɧɨɫɬɶ ɫɩɨɫɨɛɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ ɞɢɫɩɟɪɫɧɨ-
ɭɩɪɨɱɧɟɧɧɨɝɨ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɩɥɚɬɢɧɵ ɜɧɭɬɪɟɧɧɢɦ ɨɤɢɫɥɟɧɢɟɦ, ɜɤɥɸɱɚɸɳɢɦ 
ɩɨɥɭɱɟɧɢɟ ɫɩɥɚɜɚ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɨɨɛɪɚɡɭɸɳɢɦ ɷɥɟɦɟɧɬɨɦ ɰɢɪɤɨɧɢɟɦ ɜ 
ɤɨɥɢɱɟɫɬɜɟ (0,05 - 0,5) % (ɦɚɫɫ.). Ⱦɚɥɟɟ ɢɡɝɨɬɨɜɥɟɧɢɟ ɩɪɨɜɨɥɨɤɢ ɞɢɚɦɟɬɪɨɦ (25 - 
35)·10-5 ɦ, ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɨɬɠɢɝ ɩɪɨɜɨɥɨɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ (800 - 900) °ɋ, ɡɚɬɟɦ 
ɩɪɟɫɫɨɜɚɧɢɟ ɩɪɨɜɨɥɨɤɢ ɢ ɫɪɚɡɭ ɩɨɫɥɟ ɧɟɝɨ ɝɨɪɹɱɚɹ ɤɨɜɤɚ ɜ ɩɥɚɫɬɢɧɭ.  
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ɋɩɨɫɨɛ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɠɮɚɡɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɤɢɫɥɢɬɟɥɶɧɚɹ ɫɪɟɞɚ - ɫɩɥɚɜ ɧɚ ɨɫɧɨɜɟ ɩɥɚɬɢɧɵ - 
ɨɤɫɢɞɨɨɛɪɚɡɭɸɳɢɣ ɷɥɟɦɟɧɬ ɞɨ ɧɟɨɛɯɨɞɢɦɵɯ ɢ ɞɨɫɬɚɬɨɱɧɵɯ ɪɚɡɦɟɪɨɜ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɫɤɨɪɨɫɬɶ ɨɤɢɫɥɟɧɢɹ ɩɪɢ ɭɤɚɡɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬɠɢɝɚ, ɤɨɬɨɪɚɹ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɞɢɫɩɟɪɫɧɨ-ɭɩɪɨɱɧɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɫ ɜɵɫɨɤɢɦɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɗɬɨ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɡɚ ɫɱɟɬ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɨ ɜɧɭɬɪɢɨɤɢɫɥɟɧɧɨɦ ɫɩɥɚɜɟ ɫɬɪɭɤɬɭɪɵ ɪɚɜɧɨɜɟɥɢɤɢɯ ɱɚɫɬɢɰ 
ɨɤɢɫɢ ɰɢɪɤɨɧɢɹ, ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɜ ɩɥɚɬɢɧɨɜɨɣ ɦɚɬɪɢɰɟ.  
Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɥɚɬɢɧɵ, ɫɩɥɚɜɚ ɉɥɊɞ - 10 ɢ ɢɯ ɞɢɫɩɟɪɫɧɨ-
ɭɩɪɨɱɧɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɩɪɨɢɡɜɨɞɢɦɵɯ ɧɚ ɈȺɈ «ȿɁ 
ɈɐɆ», ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.5 [24]. 
 
Ɍɚɛɥɢɰɚ 1.5 – Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɥɚɬɢɧɵ, ɫɩɥɚɜɚ ɉɥɊɞ – 10 ɢ ɢɯ 
ɞɢɫɩɟɪɫɧɨ-ɭɩɪɨɱɧɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ  
Ɇɚɬɟɪɢɚɥ ɉɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3 ıɜ, Ɇɉɚ* į, %* HV* 
ɉɥ 99,9 21450 140 - 200 30 - 50 30 - 45 
ɉɥ 99Ⱦɍ 21320 300 - 360 9 - 10 95 - 120 
ɉɥɊɞ - 10 20000 300 - 350 16 - 19 125 - 128 
ɉɥɊɞ - 10Ⱦɍ 19970 380 - 410 22 - 24 132 - 135 
*ɉɨɫɥɟ ɨɬɠɢɝɚ, ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
 
1.3. ɉɪɨɦɵɲɥɟɧɧɨ ɩɪɢɦɟɧɹɟɦɵɟ ɫɩɨɫɨɛɵ ɯɨɥɨɞɧɨɣ ɲɬɚɦɩɨɜɤɢ ɡɚɝɨɬɨɜɨɤ ɢɡ 
ɫɩɥɚɜɨɜ ɩɥɚɬɢɧɵ 
 
 ɋɩɨɫɨɛɵ ɯɨɥɨɞɧɨɣ ɲɬɚɦɩɨɜɤɢ ɢ ɞɢɫɩɟɪɫɧɨ-ɭɩɪɨɱɧɟɧɧɵɣ ɫɩɥɚɜ ɉɥɊɞ-10Ⱦɍ 
ɚɤɬɢɜɧɨ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ. 
ɋɬɟɤɥɨɩɥɚɜɢɥɶɧɵɣ ɚɩɩɚɪɚɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɟɦɤɨɫɬɶ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɪɚɫɩɥɚɜɚ 
ɫɬɟɤɥɚ ɢɥɢ ɛɚɡɚɥɶɬɚ. ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɚɩɩɚɪɚɬɚ ɪɚɫɩɨɥɨɠɟɧɨ ɞɧɨ ɫ ɮɢɥɶɟɪɚɦɢ 
(ɪɢɫɭɧɨɤ 1.6), ɢɡ ɤɨɬɨɪɵɯ ɜɵɬɹɝɢɜɚɸɬ ɜɨɥɨɤɧɨ. 
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Ɋɢɫɭɧɨɤ 1.θ – Ɏɪɚɝɦɟɧɬ ɞɧɚ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɫ ɮɢɥɶɟɪɚɦɢ 
 
ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɬ ɞɜɚ ɫɩɨɫɨɛɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɢɥɶɟɪɧɨɝɨ ɞɧɚ: 
ɦɟɬɨɞɨɦ ɥɢɫɬɨɜɨɣ ɲɬɚɦɩɨɜɤɢ ɡɚ ɧɟɫɤɨɥɶɤɨ ɮɨɪɦɨɨɛɪɚɡɭɸɳɢɯ ɨɩɟɪɚɰɢɣ ɥɢɛɨ 
ɡɚɤɪɟɩɥɟɧɢɟɦ ɨɬɞɟɥɶɧɨ ɜɵɩɨɥɧɟɧɧɵɯ ɮɢɥɶɟɪ ɜ ɡɚɪɚɧɟɟ ɩɨɞɝɨɬɨɜɥɟɧɧɵɯ 
ɨɬɜɟɪɫɬɢɹɯ. ɐɟɥɶɧɨɲɬɚɦɩɨɜɚɧɧɨɟ ɮɢɥɶɟɪɧɨɟ ɞɧɨ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɫɨɡɞɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɛɨɥɟɟ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɢ ɮɢɥɶɟɪ ɧɚ ɮɢɥɶɟɪɧɨɦ 
ɩɨɥɟ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɩɥɨɬɧɚɹ ɭɩɚɤɨɜɤɚ ɮɢɥɶɟɪ ɫɨɡɞɚɟɬ ɪɹɞ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɛɥɟɦ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ – ɩɨɞɞɟɪɠɚɧɢɟ ɫɢɦɦɟɬɪɢɱɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɤɚɠɞɨɣ 
ɮɢɥɶɟɪɵ ɫ ɨɛɟɫɩɟɱɟɧɢɟɦ ɧɟɨɛɯɨɞɢɦɨɣ ɪɚɡɦɟɪɧɨɣ ɬɨɱɧɨɫɬɢ [25]. 
ɉɪɨɰɟɫɫ ɥɢɫɬɨɜɨɣ ɲɬɚɦɩɨɜɤɢ ɮɢɥɶɟɪɧɨɝɨ ɞɧɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɨɩɟɪɚɰɢɣ:  
1) ɨɩɟɪɚɰɢɹ ɮɨɪɦɨɜɚɧɢɹ ɜɵɫɬɭɩɨɜ ɦɟɬɚɥɥɚ ɧɚ ɡɚɝɨɬɨɜɤɟ;  
2) ɝɥɭɛɨɤɚɹ ɜɵɬɹɠɤɚ ɭɱɚɫɬɤɨɜ ɫ ɜɵɫɬɭɩɚɦɢ ɦɟɬɚɥɥɚ ɜ ɮɢɥɶɟɪɵ. 
ɑɚɳɟ ɜɫɟɝɨ ɩɟɪɜɚɹ ɨɩɟɪɚɰɢɹ ɪɟɚɥɢɡɭɟɬɫɹ ɩɭɬɟɦ ɨɛɠɢɦɚ ɡɚɝɨɬɨɜɤɢ 
ɩɭɚɧɫɨɧɨɦ ɫɩɟɰɢɚɥɶɧɨɣ ɮɨɪɦɵ ɧɚ ɦɚɫɫɢɜɧɨɣ ɦɚɬɪɢɰɟ ɫ ɨɬɜɟɪɫɬɢɹɦɢ, 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɩɨɥɨɠɟɧɢɸ ɮɢɥɶɟɪ ɧɚ ɮɢɥɶɟɪɧɨɣ 
ɩɥɚɫɬɢɧɟ. Ɇɟɬɚɥɥ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɭɚɧɫɨɧɚ ɭɬɨɧɹɟɬɫɹ ɧɚɞ ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɦɚɬɪɢɰɵ ɢ ɤɨɧɰɟɧɬɪɢɪɭɟɬɫɹ ɟɺ ɜ ɨɬɜɟɪɫɬɢɹɯ. ɗɬɨ ɫɩɨɫɨɛ ɩɪɹɦɨɣ ɲɬɚɦɩɨɜɤɢ. Ⱦɥɹ 
ɢɡɦɟɧɟɧɢɹ ɩɟɪɢɨɞɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɢɥɶɟɪɧɵɯ ɪɹɞɨɜ, ɢɯ ɱɢɫɥɚ, ɚ ɬɚɤɠɟ ɱɢɫɥɚ 
ɮɢɥɶɟɪ ɜ ɮɢɥɶɟɪɧɵɯ ɪɹɞɚɯ, ɧɟɨɛɯɨɞɢɦɨ ɢɡɝɨɬɨɜɥɟɧɢɟ ɧɨɜɵɯ ɦɚɬɪɢɰ ɫ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɪɚɫɩɨɥɨɠɟɧɢɢ ɪɹɞɨɜ ɨɬɜɟɪɫɬɢɣ ɢ ɫ ɭɱɟɬɨɦ 
ɬɨɝɨ, ɱɬɨɛɵ ɤɨɧɟɱɧɵɟ ɪɚɡɦɟɪɵ ɮɢɥɶɟɪɧɨɣ ɩɥɚɫɬɢɧɵ ɧɟ ɜɵɯɨɞɢɥɢ ɡɚ ɪɚɦɤɢ 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɞɨɩɭɫɤɨɜ. 
Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɧɚ ɈȺɈ «ȿɁ ɈɐɆ» ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɦɟɧɧɨ ɬɚɤɚɹ ɬɟɯɧɨɥɨɝɢɹ. 
ȿɟ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.ι. ɉɭɚɧɫɨɧ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ 
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ɫɩɟɰɢɚɥɶɧɨɦ ɲɬɚɦɩɟ, ɫɨɜɟɪɲɚɟɬ ɰɢɤɥɢɱɟɫɤɨɟ ɞɜɢɠɟɧɢɟ ɜɜɟɪɯ-ɜɧɢɡ. ȼ ɧɢɠɧɟɦ 
ɩɨɥɨɠɟɧɢɢ ɨɧ ɨɤɚɡɵɜɚɟɬ ɫɠɢɦɚɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɡɚɝɨɬɨɜɤɭ, ɪɚɫɩɨɥɨɠɟɧɧɭɸ 
ɧɚ ɦɚɬɪɢɰɟ, ɡɚɫɬɚɜɥɹɹ ɦɟɬɚɥɥ ɡɚɬɟɤɚɬɶ ɜ ɨɬɜɟɪɫɬɢɹ ɦɚɬɪɢɰɵ ɢ ɫɨɡɞɚɜɚɹ 
ɩɪɨɞɨɥɶɧɨɟ ɬɟɱɟɧɢɟ ɦɟɬɚɥɥɚ. Ʉɨɝɞɚ ɩɭɚɧɫɨɧ ɫɨɜɟɪɲɚɟɬ ɞɜɢɠɟɧɢɟ ɜɜɟɪɯ, ɦɚɬɪɢɰɚ 
ɫ ɡɚɝɨɬɨɜɤɨɣ ɩɪɨɞɜɢɝɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɭɚɧɫɨɧɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɛɪɚɬɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɸ ɩɪɨɞɨɥɶɧɨɝɨ ɬɟɱɟɧɢɹ ɦɟɬɚɥɥɚ. Ɍɚɤ ɩɨɲɚɝɨɜɨ ɢɞɟɬ ɨɛɪɚɛɨɬɤɚ ɜɫɟɣ 
ɩɨɥɨɫɵ, ɩɪɨɰɟɫɫ ɞɥɢɬɫɹ ɞɨ ɨɤɨɧɱɚɧɢɹ ɡɚɝɨɬɨɜɤɢ.  
 
Ɋɢɫɭɧɨɤ 1.ι – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɮɢɥɶɟɪɧɵɯ ɩɥɚɫɬɢɧ ɫ ɰɟɥɶɧɨɲɬɚɦɩɨɜɚɧɧɵɦɢ ɮɢɥɶɟɪɚɦɢ ɦɟɬɨɞɨɦ ɩɪɹɦɨɣ 
ɲɬɚɦɩɨɜɤɢ: 1 – ɩɭɚɧɫɨɧ; 2 – ɡɚɝɨɬɨɜɤɚ; 3 – ɦɚɬɪɢɰɚ 
 
ɋɩɨɫɨɛ ɩɪɹɦɨɣ ɲɬɚɦɩɨɜɤɢ ɨɛɥɚɞɚɟɬ ɧɟ ɬɨɥɶɤɨ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɜ 
ɫɪɚɜɧɟɧɢɢ ɫ ɜɵɲɟɭɤɚɡɚɧɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ, ɧɨ ɢ ɪɹɞɨɦ ɧɟɞɨɫɬɚɬɤɨɜ, ɜ 
ɱɚɫɬɧɨɫɬɢ, ɧɟ ɭɞɚɟɬɫɹ ɫɮɨɪɦɢɪɨɜɚɬɶ ɫɢɦɦɟɬɪɢɱɧɵɟ ɜɵɫɬɭɩɵ: ɜɵɫɨɬɚ ɤɨɧɭɫɚ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ ɨɛɠɢɦɚ ɡɚɝɨɬɨɜɤɢ ɛɨɥɶɲɟ, ɱɟɦ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɵ. ɉɪɢ 
ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɧɨɬɨɥɳɢɧɧɨɫɬɢ ɮɢɥɶɟɪ, ɩɨɜɵɲɟɧɧɨɦɭ 
ɢɡɧɨɫɭ ɢ ɪɚɡɪɭɲɟɧɢɸ ɪɚɛɨɱɢɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɜɵɬɹɠɤɢ. ɇɟɫɢɦɦɟɬɪɢɱɧɨɫɬɶ 
ɜɵɫɬɭɩɨɜ ɜɨɡɧɢɤɚɟɬ, ɬ.ɤ. ɤɚɠɞɵɣ ɲɚɝ ɨɛɠɢɦɚ ɡɚɝɨɬɨɜɤɢ ɩɭɚɧɫɨɧɨɦ ɩɪɨɢɫɯɨɞɢɬ ɜ 
ɧɟɷɤɜɢɜɚɥɟɧɬɧɵɯ ɭɫɥɨɜɢɹɯ ɢɡ-ɡɚ ɩɪɨɞɨɥɶɧɨɝɨ ɬɟɱɟɧɢɹ ɦɟɬɚɥɥɚ ɢ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ 
ɲɚɝɚ ɩɟɪɟɞɜɢɠɟɧɢɹ ɦɚɬɪɢɰɵ ɫ ɲɚɝɨɦ ɮɢɥɶɟɪɧɵɯ ɪɹɞɨɜ ɧɚ ɩɥɚɫɬɢɧɟ. 
ɂɡɜɟɫɬɟɧ ɦɟɬɨɞ Д26Ж ɩɨɥɭɱɟɧɢɹ ɜɵɫɬɭɩɨɜ ɩɭɬɟɦ ɨɛɠɢɦɚ ɡɚɝɨɬɨɜɤɢ 
ɩɪɨɤɚɬɤɨɣ ɧɚ ɦɚɬɪɢɰɟ ɫ ɨɬɜɟɪɫɬɢɹɦɢ (ɮɨɪɦɨɜɤɚ ɜɵɫɬɭɩɨɜ ɚɧɚɥɨɝɢɱɧɚ 
ɩɪɟɞɵɞɭɳɟɦɭ ɜɚɪɢɚɧɬɭ, ɧɨ ɪɨɥɶ ɩɭɚɧɫɨɧɚ ɜɵɩɨɥɧɹɸɬ ɪɨɥɢɤɢ). 
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ɍɫɬɪɚɧɢɬɶ ɜɥɢɹɧɢɟ ɲɚɝɚ ɩɟɪɟɦɟɳɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɧɚ ɮɨɪɦɨɢɡɦɟɧɟɧɢɟ 
ɡɚɝɨɬɨɜɤɢ ɦɨɠɧɨ, ɢɫɩɨɥɶɡɭɹ ɫɩɨɫɨɛ ɨɛɪɚɬɧɨɣ ɲɬɚɦɩɨɜɤɢ. ȿɝɨ ɪɟɚɥɢɡɚɰɢɹ 
ɜɨɡɦɨɠɧɚ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ. ɇɚɩɪɢɦɟɪ, ɇɉɄ «ɋɭɩɟɪɦɟɬɚɥɥ» ɩɪɢɧɚɞɥɟɠɢɬ 
ɩɚɬɟɧɬ Д27Ж, ɤɨɬɨɪɵɣ ɩɪɟɞɥɚɝɚɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɮɨɪɦɨɜɚɧɢɟ (ɪɢɫɭɧɨɤ 1.8) 
ɜɵɫɬɭɩɨɜ ɨɛɠɢɦɨɦ ɡɚɝɨɬɨɜɤɢ ɧɚ ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɭɚɧɫɨɧɨɦ ɫ ɨɞɧɢɦ 
ɫɞɜɨɟɧɧɵɦ ɢɥɢ ɨɞɢɧɚɪɧɵɦ ɪɹɞɨɦ ɨɬɜɟɪɫɬɢɣ (ɪɢɫɭɧɨɤ 1.9). ɉɪɢ ɷɬɨɦ ɲɚɝ 
ɲɬɚɦɩɨɜɤɢ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟ ɦɟɧɟɟ (S+Н)/2+(T-Э), ɝɞɟ S - ɲɢɪɢɧɚ ɩɭɚɧɫɨɧɚ; Н - 
ɲɢɪɢɧɚ ɩɨɥɹ ɨɬɜɟɪɫɬɢɣ ɧɚ ɩɭɚɧɫɨɧɟ; Ɍ - ɧɚɱɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɡɚɝɨɬɨɜɤɢ; Э - 
ɬɨɥɳɢɧɚ ɮɢɥɶɟɪɧɨɣ ɩɥɚɫɬɢɧɵ. ɉɪɟɞɩɨɱɬɢɬɟɥɶɧɨ, ɱɬɨɛɵ ɲɚɝ ɲɬɚɦɩɨɜɤɢ ɞɥɹ 
ɮɨɪɦɨɜɚɧɢɹ ɜɵɫɬɭɩɨɜ ɛɵɥ ɜ ɩɪɟɞɟɥɚɯ ɨɬ (S+Н)/2+(T-Э) ɞɨ S.  
 
Ɋɢɫɭɧɨɤ 1.8 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɮɢɥɶɟɪɧɵɯ ɩɥɚɫɬɢɧ ɫ ɰɟɥɶɧɨɲɬɚɦɩɨɜɚɧɧɵɦɢ ɮɢɥɶɟɪɚɦɢ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɣ 
ɲɬɚɦɩɨɜɤɢ: 1 – ɩɭɚɧɫɨɧ; 2 – ɡɚɝɨɬɨɜɤɚ; 3 – ɨɬɜɟɪɫɬɢɟ ɜ ɩɭɚɧɫɨɧɟ; 4 – ɩɥɨɫɤɚɹ 
ɩɥɢɬɚ; 5 – ɩɨɥɭɱɟɧɧɵɟ ɜɵɫɬɭɩɵ 
 
 
Ɋɢɫɭɧɨɤ 1.9 – ɉɭɚɧɫɨɧ ɞɥɹ ɮɨɪɦɨɜɚɧɢɹ ɜɵɫɬɭɩɨɜ (ɜɢɞ ɫɧɢɡɭ) 
 
Ȼɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɤɚɠɞɵɣ ɲɚɝ ɨɛɠɢɦɚ ɡɚɝɨɬɨɜɤɢ ɩɭɚɧɫɨɧɨɦ ɩɪɨɢɫɯɨɞɢɬ ɜ 
ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɭɫɥɨɜɢɹɯ, ɮɨɪɦɢɪɭɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɫɢɦɦɟɬɪɢɱɧɵɟ ɜɵɫɬɭɩɵ 
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ɦɟɬɚɥɥɚ ɧɚ ɡɚɝɨɬɨɜɤɟ ɮɢɥɶɟɪɧɨɣ ɩɥɚɫɬɢɧɵ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɬɟɩɟɧɶɸ ɞɟɮɨɪɦɚɰɢɢ ɡɚɝɨɬɨɜɤɢ ɩɪɢ ɨɛɠɢɦɟ ɢ ɞɢɚɦɟɬɪɨɦ ɨɬɜɟɪɫɬɢɣ ɜ ɩɭɚɧɫɨɧɟ. 
Ʉɨɥɢɱɟɫɬɜɨ ɲɚɝɨɜ ɨɛɠɢɦɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɮɢɥɶɟɪɧɵɯ ɪɹɞɨɜ ɧɚ ɮɢɥɶɟɪɧɨɣ 
ɫɟɤɰɢɢ ɢɥɢ ɩɥɚɫɬɢɧɟ ɥɢɦɢɬɢɪɭɟɬɫɹ ɬɨɥɶɤɨ ɪɚɡɦɟɪɚɦɢ ɡɚɝɨɬɨɜɨɤ ɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ 
ɭɫɬɪɨɣɫɬɜ, ɩɨɞɚɸɳɢɯ ɡɚɝɨɬɨɜɤɢ ɜ ɪɚɛɨɱɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɲɬɚɦɩɚ. ɉɪɢɱɟɦ 
ɜɟɥɢɱɢɧɚ ɲɚɝɚ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɟɪɢɨɞ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɵɫɬɭɩɨɜ (ɮɢɥɶɟɪɧɵɯ 
ɪɹɞɨɜ), ɦɨɠɟɬ ɨɩɟɪɚɬɢɜɧɨ ɢɡɦɟɧɹɬɶɫɹ ɜ ɧɟɤɨɬɨɪɵɯ ɩɪɟɞɟɥɚɯ ɛɟɡ ɡɚɦɟɧɵ ɩɭɚɧɫɨɧɚ. 
Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɡɨɛɪɟɬɟɧɢɹ ɜɵɪɚɠɚɟɬɫɹ 
ɜ ɩɨɜɵɲɟɧɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜ 1,2-1,5 ɪɚɡɚ, ɫɧɢɠɟɧɢɢ ɦɚɬɟɪɢɚɥɨɟɦɤɨɫɬɢ ɢ 
ɬɪɭɞɨɟɦɤɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ ɢ ɜ ɪɚɫɲɢɪɟɧɢɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɩɨɫɨɛɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɢɥɶɟɪɧɵɯ ɩɥɚɫɬɢɧ. 
ȼ ɩɚɬɟɧɬɧɨɣ ɛɚɡɟ ɋɒȺ ɛɵɥ ɨɛɧɚɪɭɠɟɧ ɩɚɬɟɧɬ Д28Ж, ɡɧɚɤɨɦɹɳɢɣ ɫ 
ɬɟɯɧɨɥɨɝɢɟɣ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɟɪɚɰɢɸ ɯɨɥɨɞɧɨɣ ɲɬɚɦɩɨɜɤɢ ɩɥɚɫɬɢɧɵ 
ɢɡ ɞɪɚɝɨɰɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɜ ɲɬɚɦɩɟ, ɫɨɫɬɨɹɳɟɦ ɢɡ ɞɜɭɯ ɩɨɥɨɜɢɧ: ɜɟɪɯɧɟɣ ɢ 
ɧɢɠɧɟɣ. Ʉɨɧɫɬɪɭɤɰɢɹ ɬɚɤɨɝɨ ɲɬɚɦɩɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɨɤ 1.10. 
 
    
Ɋɢɫɭɧɨɤ 1.10 – ɒɬɚɦɩ ɞɥɹ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɰɟɥɶɧɨɲɬɚɦɩɨɜɚɧɧɵɯ ɮɢɥɶɟɪɧɵɯ ɩɥɚɫɬɢɧ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɣ ɲɬɚɦɩɨɜɤɢ 
 
ȼɟɪɯɧɹɹ ɩɨɥɨɜɢɧɚ ɲɬɚɦɩɚ ɧɚ ɜɯɨɞɟ ɜ ɲɬɚɦɩ ɨɛɠɢɦɚɟɬ ɩɥɚɫɬɢɧɭ ɞɨ 
ɬɪɟɛɭɟɦɨɣ ɬɨɥɳɢɧɵ (ɡɚɝɨɬɨɜɤɚ ɨɛɵɱɧɨ ɬɨɥɳɢɧɨɣ ɜ ɞɜɚ ɪɚɡɚ ɛɨɥɶɲɟ ɝɨɬɨɜɨɣ 
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ɮɢɥɶɟɪɧɨɣ ɩɥɚɫɬɢɧɵ), ɩɪɢ ɷɬɨɦ ɧɚ ɧɢɠɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɚɫɬɢɧɵ ɮɨɪɦɢɪɭɸɬɫɹ 
ɩɚɪɚɥɥɟɥɶɧɵɟ ɩɪɨɞɨɥɶɧɵɟ ɜɵɫɬɭɩɵ, ɪɚɫɩɨɥɨɠɟɧɢɟ ɢ ɨɛɴɟɦ ɤɨɬɨɪɵɯ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɩɨɥɨɠɟɧɢɸ ɢ ɨɛɴɟɦɭ ɤɚɠɞɨɝɨ ɩɪɨɞɨɥɶɧɨɝɨ ɪɹɞɚ ɮɢɥɶɟɪ. 
Ɏɨɪɦɨɜɚɧɢɟ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɨɞɨɥɶɧɵɯ ɜɵɫɬɭɩɨɜ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɨɛɠɚɬɢɹ 
ɩɥɚɫɬɢɧɵ ɦɟɠɞɭ ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜɟɪɯɧɟɣ ɩɨɥɨɜɢɧɵ ɲɬɚɦɩɚ ɢ ɪɟɥɶɟɮɧɨɣ 
ɩɚɥɶɰɟɜɢɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɢɠɧɟɣ ɩɨɥɨɜɢɧɵ ɲɬɚɦɩɚ. ɉɨ ɦɟɪɟ ɩɪɨɯɨɠɞɟɧɢɹ 
ɩɥɚɫɬɢɧɵ ɱɟɪɟɡ ɲɬɚɦɩ ɧɢɠɧɹɹ ɟɝɨ ɩɨɥɨɜɢɧɚ ɜɞɚɜɥɢɜɚɟɬ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɜɯɨɞɟ 
ɩɪɨɞɨɥɶɧɵɟ ɜɵɫɬɭɩɵ ɨɛɪɚɬɧɨ, ɱɬɨɛɵ ɧɚ ɜɟɪɯɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɚɫɬɢɧɵ ɩɨɥɭɱɢɬɶ 
ɤɨɧɢɱɟɫɤɢɟ ɜɵɫɬɭɩɵ, ɢɡ ɤɨɬɨɪɵɯ ɧɚ ɞɪɭɝɨɣ ɨɩɟɪɚɰɢɢ ɛɭɞɭɬ ɩɨɥɭɱɟɧɵ ɮɢɥɶɟɪɵ. 
ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɨɛɠɚɬɢɹ ɩɥɚɫɬɢɧɵ ɭɠɟ ɦɟɠɞɭ ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɧɢɠɧɟɣ ɩɨɥɨɜɢɧɵ ɲɬɚɦɩɚ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɨɬɜɟɪɫɬɢɹɦɢ ɜɟɪɯɧɟɣ ɩɨɥɨɜɢɧɵ 
ɲɬɚɦɩɚ. ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɮɨɪɦɨɨɛɪɚɡɭɸɳɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɲɬɚɦɩɚ ɩɪɢɜɟɞɟɧ 
ɧɚ ɪɢɫɭɧɨɤ 1.11. ɉɥɚɫɬɢɧɚ ɩɨɞɚɟɬɫɹ ɜ ɲɬɚɦɩ ɞɢɫɤɪɟɬɧɨ ɫ ɲɚɝɨɦ, ɪɚɜɧɵɦ 
ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɫɟɞɧɢɦɢ ɮɢɥɶɟɪɚɦɢ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 
ɋɯɟɦɚɬɢɱɧɵɣ ɜɢɞ ɩɥɚɫɬɢɧɵ ɜɨ ɜɪɟɦɹ ɲɬɚɦɩɨɜɤɢ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɨɤ 1.12. 
 
 
Ɋɢɫɭɧɨɤ 1.11 – ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ  ɮɨɪɦɨɨɛɪɚɡɭɸɳɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɲɬɚɦɩɚ 
 
ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɨɩɟɪɚɰɢɹ ɮɨɪɦɨɜɚɧɢɹ ɧɚ ɡɚɝɨɬɨɜɤɟ ɦɟɬɨɞɨɦ ɲɬɚɦɩɨɜɤɢ 
ɜɵɫɬɭɩɨɜ ɦɟɬɚɥɥɚ ɩɪɨɜɟɞɟɧɚ ɩɨ ɬɨɣ ɢɥɢ ɢɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɫɥɟɞɭɟɬ ɨɩɟɪɚɰɢɹ 
ɝɥɭɛɨɤɨɣ ɜɵɬɹɠɤɢ ɭɱɚɫɬɤɨɜ ɫ ɜɵɫɬɭɩɚɦɢ ɦɟɬɚɥɥɚ ɧɚ ɡɚɝɨɬɨɜɤɟ ɮɢɥɶɟɪɧɨɣ 
ɩɥɚɫɬɢɧɵ ɜ ɮɢɥɶɟɪɵ. Ɍɟɯɧɨɥɨɝɢɹ ɷɬɨɣ ɨɩɟɪɚɰɢɢ ɭ ɜɫɟɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɩɪɢɦɟɪɧɨ 
ɨɞɢɧɚɤɨɜɚɹ, ɨɬɥɢɱɢɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵ. Ɉɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɜɵɬɹɠɤɢ ɭɱɚɫɬɤɨɜ ɫ 
ɜɵɫɬɭɩɚɦɢ ɦɟɬɚɥɥɚ ɜ ɮɢɥɶɟɪɵ ɦɨɠɧɨ ɧɚɣɬɢ, ɧɚɩɪɢɦɟɪ, ɜ ɩɚɬɟɧɬɟ ɋɒȺ Д28]. 
ɋɨɝɥɚɫɧɨ ɟɦɭ, ɜɵɬɹɠɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɩɪɨɞɜɢɠɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨ ɤɚɧɚɥɭ 
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ɨɬɜɟɪɫɬɢɣ ɦɚɬɪɢɰɵ ɫ ɩɨɦɨɳɶɸ ɧɚɛɨɪɚ ɩɭɚɧɫɨɧɨɜ ɪɚɡɥɢɱɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. 
ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɬɨɣ ɨɩɟɪɚɰɢɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.13. Ƚɥɭɛɢɧɚ 
ɜɧɟɞɪɟɧɢɹ ɩɭɚɧɫɨɧɨɜ ɜ ɡɚɝɨɬɨɜɤɭ ɨɝɪɚɧɢɱɟɧɚ ɠɟɥɚɧɢɟɦ ɫɜɟɫɬɢ ɤ ɦɢɧɢɦɭɦɭ 
ɭɩɪɨɱɧɟɧɢɟ ɦɟɬɚɥɥɚ ɡɚɝɨɬɨɜɤɢ. Ʉɨɧɢɱɟɫɤɚɹ ɮɨɪɦɚ ɨɬɜɟɪɫɬɢɹ ɦɚɬɪɢɰɵ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɪɭɠɧɨɣ ɮɨɪɦɟ ɩɨɥɭɱɚɟɦɨɣ ɮɢɥɶɟɪɵ. ɇɚ ɩɟɪɜɵɯ ɷɬɚɩɚɯ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɧɢɱɟɫɤɢɟ ɩɭɚɧɫɨɧɵ. Ʉɨɧɮɢɝɭɪɚɰɢɹ ɩɨɫɥɟɞɧɟɝɨ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ 
ɩɭɚɧɫɨɧɚ ɩɨɜɬɨɪɹɟɬ ɜɧɭɬɪɟɧɧɸɸ ɮɨɪɦɭ ɮɢɥɶɟɪɵ. Ɂɚɝɨɬɨɜɤɚ ɩɨɲɚɝɨɜɨ ɩɨɞɚɟɬɫɹ ɜ 
ɲɬɚɦɩɨɜɵɣ ɢɧɫɬɪɭɦɟɧɬ, ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɞɚɱɢ ɩɨɤɚɡɚɧɨ ɫɬɪɟɥɤɨɣ ɧɚ ɪɢɫɭɧɤɟ 1.13, 
ɲɚɝ ɪɚɜɟɧ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɫɟɞɧɢɦɢ ɮɢɥɶɟɪɚɦɢ ɜ ɩɪɨɞɨɥɶɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ. ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɜɫɟɣ ɡɚɝɨɬɨɜɤɢ, ɨɧɚ ɩɨɞɜɟɪɝɚɟɬɫɹ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɢɥɢ ɷɥɟɤɬɪɨɷɪɨɡɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɟ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɨɞɢɧɚɤɨɜɭɸ ɜɵɫɨɬɭ ɮɢɥɶɟɪ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɸɬɫɹ ɮɢɥɶɟɪɵ, ɢɦɟɸɳɢɟ ɮɨɪɦɭ ɭɫɟɱɟɧɧɨɝɨ ɤɨɧɭɫɚ ɫ 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɨɬɜɟɪɫɬɢɟɦ, ɫ ɩɟɪɟɦɟɧɧɨɣ ɬɨɥɳɢɧɨɣ ɫɬɟɧɤɢ (ɪɢɫɭɧɨɤ 1.14, ɚ).  
ȿɫɥɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɜɵɬɹɠɤɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɧɢɱɟɫɤɢɟ 
ɩɭɚɧɫɨɧɵ, ɩɪɢɱɟɦ ɭɝɨɥ ɢɯ ɤɨɧɭɫɧɨɫɬɢ ɛɭɞɟɬ ɫɨɜɩɚɞɚɬɶ ɫ ɭɝɥɨɦ ɤɨɧɭɫɧɨɫɬɢ 
ɨɬɜɟɪɫɬɢɣ ɜ ɦɚɬɪɢɰɟ, ɬɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɮɢɥɶɟɪɧɭɸ ɩɥɚɫɬɢɧɭ ɫ ɩɨɫɬɨɹɧɧɨɣ 
ɬɨɥɳɢɧɨɣ ɫɬɟɧɨɤ ɮɢɥɶɟɪ (ɪɢɫɭɧɨɤ 1.14, ɛ). ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 
ɞɢɚɦɟɬɪ ɩɨɥɭɱɚɟɦɨɝɨ ɫɬɟɤɥɨɜɨɥɨɤɧɚ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɜɵɫɨɬɵ ɮɢɥɶɟɪɵ Д29].  
 
Ɋɢɫɭɧɨɤ 1.12 – ɋɯɟɦɚɬɢɱɧɵɣ ɜɢɞ ɩɥɚɫɬɢɧɵ ɫɜɟɪɯɭ ɜɨ ɜɪɟɦɹ ɲɬɚɦɩɨɜɤɢ 
 
26 
 
 
Ɋɢɫɭɧɨɤ 1.13 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɜɬɨɪɨɣ ɨɩɟɪɚɰɢɢ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɰɟɥɶɧɨɲɬɚɦɩɨɜɚɧɧɵɯ ɮɢɥɶɟɪɧɵɯ ɩɥɚɫɬɢɧ: 1 – ɧɚɛɨɪ ɩɭɚɧɫɨɧɨɜ; 2 – ɡɚɝɨɬɨɜɤɚ ɫ 
ɜɵɫɬɭɩɚɦɢ; 3 – ɜɵɫɬɭɩɵ; 4 – ɝɨɬɨɜɵɟ ɮɢɥɶɟɪɵ 
 
                                              ɚ                                          ɛ 
Ɋɢɫɭɧɨɤ 1.14 – ȼɢɞɵ ɰɟɥɶɧɨɲɬɚɦɩɨɜɚɧɧɵɯ ɮɢɥɶɟɪ: ɚ – ɰɟɥɶɧɨɲɬɚɦɩɨɜɚɧɧɚɹ 
ɮɢɥɶɟɪɚ ɫ ɩɟɪɟɦɟɧɧɨɣ ɬɨɥɳɢɧɨɣ ɫɬɟɧɤɢ; ɛ – ɰɟɥɶɧɨɲɬɚɦɩɨɜɚɧɧɚɹ ɮɢɥɶɟɪɚ ɫ 
ɩɨɫɬɨɹɧɧɨɣ ɬɨɥɳɢɧɨɣ ɫɬɟɧɤɢ 
 
ɋɨɝɥɚɫɧɨ [30Ж, ɜ ɋɒȺ ɩɪɢɦɟɧɹɟɬɫɹ ɟɳɟ ɨɞɧɚ ɬɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ 
ɮɢɥɶɟɪɧɵɯ ɩɥɚɫɬɢɧ ɫ ɰɟɥɶɧɨɲɬɚɦɩɨɜɚɧɧɵɦɢ ɮɢɥɶɟɪɚɦɢ. ȿɟ ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 1.15. Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɪɢɦɟɧɢɦɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɮɢɥɶɟɪɧɵɯ 
ɩɥɚɫɬɢɧ ɞɥɢɧɨɣ ɨɬ 200 ɞɨ θ10 ɦɦ, ɲɢɪɢɧɨɣ ɨɬ θ0 ɞɨ 140 ɦɦ ɢ ɬɨɥɳɢɧɨɣ ɨɬ 1,0 ɞɨ 
1,3 ɦɦ.  
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Ɋɢɫɭɧɨɤ 1.15 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɨɥɭɱɟɧɢɹ ɰɟɥɶɧɨɲɬɚɦɩɨɜɚɧɧɵɯ 
ɮɢɥɶɟɪɧɵɯ ɩɥɚɫɬɢɧ ɛɟɡ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɵɫɬɭɩɨɜ: ɚ – ɢɧɫɬɪɭɦɟɧɬ ɢ ɡɚɝɨɬɨɜɤɚ ɜ 
ɧɚɱɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ; ɛ – ɯɨɞ ɩɟɪɜɨɝɨ ɩɭɚɧɫɨɧɚ; ɜ – ɢɧɫɬɪɭɦɟɧɬ ɢ ɡɚɝɨɬɨɜɤɚ 
ɩɟɪɟɞ ɯɨɞɨɦ ɜɬɨɪɨɝɨ ɩɭɚɧɫɨɧɚ; ɝ – ɯɨɞ ɜɬɨɪɨɝɨ ɩɭɚɧɫɨɧɚ; 1 – ɡɚɝɨɬɨɜɤɚ; 2 – 
ɩɟɪɜɵɣ ɩɭɚɧɫɨɧ; 3 – ɩɪɢɠɢɦ; 4 – ɫɭɩɩɨɪɬ; 5 – ɦɚɬɪɢɰɚ; θ – ɞɟɮɨɪɦɢɪɨɜɚɧɧɚɹ 
ɡɚɝɨɬɨɜɤɚ; ι – ɜɵɞɚɜɢɜɲɢɣɫɹ ɦɟɬɚɥɥ; 8 – ɜɬɨɪɨɣ ɩɭɚɧɫɨɧ; 9 – ɩɨɥɭɱɟɧɧɚɹ ɮɢɥɶɟɪɚ 
 
Ɂɚɝɨɬɨɜɤɨɣ ɜ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫɥɭɠɢɬ ɩɥɚɫɬɢɧɚ ɫ ɪɨɜɧɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ 
(ɜɵɫɬɭɩɵ ɨɬɫɭɬɫɬɜɭɸɬ) ɢ ɪɚɡɦɟɪɚɦɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɪɚɡɦɟɪɚɦ ɤɨɧɟɱɧɨɣ 
ɮɢɥɶɟɪɧɨɣ ɩɥɚɫɬɢɧɵ. Ɂɚɝɨɬɨɜɤɚ ɩɨɦɟɳɚɟɬɫɹ ɧɚ ɮɨɪɦɢɪɭɸɳɭɸ ɦɚɬɪɢɰɭ, 
ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɜ ɫɭɩɩɨɪɬɟ ɧɢɠɧɟɝɨ ɲɬɚɦɩɚ. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɡɚɝɨɬɨɜɤɢ ɧɚ ɦɚɬɪɢɰɟ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɩɨɥɨɠɟɧɢɸ ɮɢɥɶɟɪɵ ɧɚ ɩɥɚɫɬɢɧɟ. Ɏɨɪɦɚ ɨɬɜɟɪɫɬɢɹ ɦɚɬɪɢɰɵ 
28 
 
ɩɨɜɬɨɪɹɟɬ ɧɚɪɭɠɧɭɸ ɮɨɪɦɭ ɩɨɥɭɱɚɟɦɨɣ ɮɢɥɶɟɪɵ. ɇɚ ɜɟɪɯɧɟɦ ɲɬɚɦɩɟ ɫɧɚɱɚɥɚ 
ɭɫɬɚɧɨɜɥɟɧ ɩɟɪɜɵɣ ɩɭɚɧɫɨɧ ɫ ɤɨɧɢɱɟɫɤɢɦ ɧɚɤɨɧɟɱɧɢɤɨɦ. ɉɭɚɧɫɨɧ ɩɟɪɟɦɟɳɚɟɬɫɹ 
ɜ ɩɪɢɠɢɦɟ, ɤɨɬɨɪɵɣ ɩɪɢɠɢɦɚɟɬ ɡɚɝɨɬɨɜɤɭ ɤ ɦɚɬɪɢɰɟ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ. ɋɜɨɢɦ 
ɞɜɢɠɟɧɢɟɦ ɜɧɢɡ ɩɭɚɧɫɨɧ ɧɚɱɢɧɚɟɬ ɜɧɟɞɪɹɬɶɫɹ ɜ ɡɚɝɨɬɨɜɤɭ, ɡɚɫɬɚɜɥɹɹ ɱɚɫɬɶ 
ɦɟɬɚɥɥɚ ɡɚɬɟɤɚɬɶ ɜ ɩɨɥɨɫɬɶ ɦɚɬɪɢɰɵ. ɉɭɚɧɫɨɧ, ɩɨɞɧɢɦɚɹɫɶ ɜɜɟɪɯ ɜɦɟɫɬɟ ɫ 
ɩɪɢɠɢɦɨɦ, ɨɫɜɨɛɨɠɞɚɟɬ ɩɥɚɫɬɢɧɭ, ɩɨɡɜɨɥɹɹ ɟɣ ɭɫɬɚɧɨɜɢɬɶ ɧɚ ɦɚɬɪɢɰɭ ɞɪɭɝɨɣ 
ɭɱɚɫɬɨɤ ɞɥɹ ɨɛɪɚɛɨɬɤɢ. Ɍɚɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɨɞɜɟɪɝɚɟɬɫɹ ɜɫɹ ɡɚɝɨɬɨɜɤɚ. Ɂɚɬɟɦ ɜ 
ɜɟɪɯɧɢɣ ɲɬɚɦɩ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜɬɨɪɨɣ ɩɭɚɧɫɨɧ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɮɨɪɦɵ, ɤɨɬɨɪɚɹ 
ɫɨɜɩɚɞɚɟɬ ɫ ɜɧɭɬɪɟɧɧɟɣ ɮɨɪɦɨɣ ɩɨɥɭɱɚɟɦɨɣ ɮɢɥɶɟɪɵ. ɗɬɨɬ ɩɭɚɧɫɨɧ ɬɚɤɠɟ 
ɩɨɲɚɝɨɜɨ ɩɪɨɲɢɜɚɟɬ ɜɫɸ ɡɚɝɨɬɨɜɤɭ, ɮɨɪɦɢɪɭɹ ɮɢɥɶɟɪɭ ɫ ɧɟɨɛɯɨɞɢɦɵɦ ɩɪɨɮɢɥɟɦ 
ɨɛɪɚɡɭɸɳɟɣ.  
Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɢɥɶɟɪɧɵɯ ɩɥɚɫɬɢɧ, ɫɧɢɡɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɢ ɫɬɨɢɦɨɫɬɶ 
ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɨɞɧɚɤɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɫɨɪɬɚɦɟɧɬ ɜɵɩɭɫɤɚɟɦɵɯ 
ɮɢɥɶɟɪɧɵɯ ɩɢɬɚɬɟɥɟɣ ɢ ɬɪɟɛɭɟɬ ɬɳɚɬɟɥɶɧɨɝɨ ɜɵɛɨɪɚ ɦɚɬɟɪɢɚɥɚ ɢɧɫɬɪɭɦɟɧɬɚ, ɬ.ɤ. 
ɨɧ ɪɚɛɨɬɚɟɬ ɜ ɨɱɟɧɶ ɧɚɝɪɭɠɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. 
  
1.4. ɋɩɨɫɨɛɵ ɥɢɫɬɨɜɨɣ ɲɬɚɦɩɨɜɤɢ ɨɫɟɫɢɦɦɟɬɪɢɱɧɵɯ ɢɡɞɟɥɢɣ ɢɡ ɢɪɢɞɢɹ 
 
 Ɉɫɧɨɜɧɵɦ ɫɩɨɫɨɛɨɦ ɨɛɪɚɛɨɬɤɢ ɞɚɜɥɟɧɢɟɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɫɟɫɢɦɦɟɬɪɢɱɧɵɯ 
ɢɡɞɟɥɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɬɢɝɥɟɣ, ɹɜɥɹɟɬɫɹ ɜɵɬɹɠɤɚ, ɤɨɬɨɪɚɹ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ 
ɪɨɬɚɰɢɨɧɧɭɸ ɜɵɬɹɠɤɭ ɢ ɜɵɬɹɠɤɭ ɤɚɤ ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɲɬɚɦɩɨɜɤɢ. 
 Ɋɨɬɚɰɢɨɧɧɚɹ ɜɵɬɹɠɤɚ ɬɚɤɠɟ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɞɚɜɢɥɶɧɨ-ɪɚɫɤɚɬɧɨɣ ɨɛɪɚɛɨɬɤɢ. 
ɋɯɟɦɚ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.1θ. ɉɪɢɧɰɢɩ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ – 
ɨɛɪɚɛɨɬɤɚ ɦɟɬɚɥɥɚ ɞɚɜɥɟɧɢɟɦ ɩɪɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɦ ɜɪɚɳɟɧɢɢ ɪɚɫɤɚɬɤɨɣ 
ɮɨɪɦɢɪɭɸɳɢɦɢ ɪɨɥɢɤɚɦɢ (ɢɥɢ ɞɚɜɢɥɶɧɢɤɚɦɢ) ɥɢɫɬɨɜɨɝɨ ɦɟɬɚɥɥɚ ɜɨɤɪɭɝ 
ɨɩɪɚɜɤɢ. Ɂɚɝɨɬɨɜɤɨɣ ɨɛɵɱɧɨ ɫɥɭɠɢɬ ɤɪɭɝɥɚɹ ɩɥɚɫɬɢɧɚ (ɞɢɫɤ), ɤɨɬɨɪɚɹ  
ɩɪɢɠɢɦɚɟɬɫɹ ɤ ɨɩɪɚɜɤɟ, ɡɚɤɪɟɩɥɟɧɧɨɣ ɜ ɩɪɢɜɨɞɟ ɫɬɚɧɤɚ. Ɉɩɪɚɜɤɚ ɜɦɟɫɬɟ ɫ 
ɡɚɝɨɬɨɜɤɨɣ ɜɪɚɳɚɟɬɫɹ ɫ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɶɸ. Ɋɚɛɨɱɢɣ ɢɧɫɬɪɭɦɟɧɬ ɨɤɚɡɵɜɚɟɬ 
ɞɚɜɹɳɟɟ ɭɫɢɥɢɟ, ɜ ɦɟɫɬɟ ɤɨɧɬɚɤɬɚ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɡɚɝɨɬɨɜɤɢ ɥɨɤɚɥɢɡɭɟɬɫɹ 
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ɩɥɚɫɬɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ, ɱɬɨ ɡɚɫɬɚɜɥɹɟɬ ɦɟɬɚɥɥ ɬɟɱɶ ɜɞɨɥɶ ɨɩɪɚɜɤɢ. ɉɪɢ 
ɫɦɟɳɟɧɢɢ ɫɥɨɹ ɦɟɬɚɥɥɚ ɜɞɨɥɶ ɨɫɢ ɜɪɚɳɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɢ, ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɥɢɧɚ ɡɚɝɨɬɨɜɤɢ. 
 
 
Ɋɢɫɭɧɨɤ 1.1θ – ɋɯɟɦɚ ɪɨɬɚɰɢɨɧɧɨɣ ɜɵɬɹɠɤɢ: 1 – ɡɚɝɨɬɨɜɤɚ, 2 – ɨɩɪɚɜɤɚ, 3 – 
ɩɪɢɠɢɦ, 4 – ɪɨɥɢɤ (ɞɚɜɢɥɶɧɢɤ), 5 – ɞɟɬɚɥɶ 
 
ȼ 2004 ɝɨɞɭ ɧɚ ȿɁ ɈɐɆ ɫ ɩɨɦɨɳɶɸ ɪɨɬɚɰɢɨɧɧɨɣ ɜɵɬɹɠɤɢ ɛɵɥ ɩɨɥɭɱɟɧ 
ɨɩɵɬɧɵɣ ɢɪɢɞɢɟɜɵɣ ɬɢɝɟɥɶ ɫ ɛɟɫɲɨɜɧɵɦ ɞɧɨɦ ɬɨɥɳɢɧɨɣ 0,5 ɦɦ (ɪɢɫɭɧɨɤ 1.1ι). 
ȼɵɬɹɠɤɚ ɢɪɢɞɢɟɜɨɣ ɡɚɝɨɬɨɜɤɢ ɩɪɨɢɫɯɨɞɢɥɚ ɜ ɝɨɪɹɱɟɦ ɫɨɫɬɨɹɧɢɢ, ɧɚɝɪɟɜ 
ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɥɚɦɟɧɟɦ ɝɚɡɨɜɨɣ ɝɨɪɟɥɤɢ ɜ ɦɟɫɬɟ ɤɨɧɬɚɤɬɚ ɞɚɜɢɥɶɧɢɤɚ ɫ 
ɡɚɝɨɬɨɜɤɨɣ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɛɟɥɨɝɨ ɫɜɟɱɟɧɢɹ. ɉɨɥɭɱɟɧɧɵɣ ɬɢɝɟɥɶ ɨɛɥɚɞɚɥ ɧɟ 
ɨɱɟɧɶ ɜɵɫɨɤɢɦ ɤɚɱɟɫɬɜɨɦ. ɇɚ ɦɟɫɬɟ ɢɡɝɢɛɚ ɞɧɚ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɦɢɤɪɨɬɪɟɳɢɧɵ, 
ɧɚ ɫɜɚɪɧɨɦ ɲɜɟ ɛɵɥɚ ɨɛɧɚɪɭɠɟɧɚ ɦɚɤɪɨɬɪɟɳɢɧɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɣ 
ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɫɜɚɪɧɨɦ ɲɜɟ ɡɟɪɧɨ ɛɵɥɨ ɞɨɫɬɚɬɨɱɧɨ ɤɪɭɩɧɨɟ. Ɍɚɤ ɤɚɤ 
ɞɚɧɧɵɣ ɬɢɝɟɥɶ ɧɟ ɜɵɡɜɚɥ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɢɧɬɟɪɟɫɚ, ɢ ɩɪɨɰɟɫɫ ɟɝɨ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɨɤɚɡɚɥɫɹ ɬɪɭɞɨɟɦɤɢɦ, ɨɩɵɬɵ ɛɵɥɢ ɩɪɟɤɪɚɳɟɧɵ [31].  
ȼɵɬɹɠɤɭ ɤɚɤ ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɲɬɚɦɩɨɜɤɢ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ 
ɜɵɬɹɠɤɭ ɩɭɚɧɫɨɧɨɦ, ɜɵɬɹɠɤɭ ɜɡɪɵɜɨɦ ɢ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɭɸ ɜɵɬɹɠɤɭ.  
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Ɋɢɫɭɧɨɤ 1.1ι – ȼɧɟɲɧɢɣ ɜɢɞ ɢɪɢɞɢɟɜɨɝɨ ɬɢɝɥɹ ɫ ɛɟɫɲɨɜɧɵɦ ɞɧɨɦ, ɩɨɥɭɱɟɧɧɨɝɨ 
ɪɨɬɚɰɢɨɧɧɨɣ ɜɵɬɹɠɤɨɣ 
 
ȼɵɬɹɠɤɚ ɜɡɪɵɜɨɦ ɨɛɵɱɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɦɚɥɵɯ ɩɪɨɝɪɚɦɦɚɯ ɜɵɩɭɫɤɚ 
ɞɟɬɚɥɟɣ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ ɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ, ɢɡɝɨɬɨɜɥɹɟɦɵɯ ɢɡ ɰɜɟɬɧɵɯ 
ɫɩɥɚɜɨɜ, ɫɬɚɥɢ ɢ ɬɪɭɞɧɨɞɟɮɨɪɦɢɪɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. ȼɵɬɹɠɤɚ ɜɡɪɵɜɨɦ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (ɪɢɫɭɧɨɤ 1.18). Ɂɚɝɨɬɨɜɤɭ, ɩɨɞɜɟɪɝɚɸɳɭɸɫɹ 
ɞɟɮɨɪɦɚɰɢɢ, ɩɨɦɟɳɚɸɬ ɧɚ ɦɚɬɪɢɰɭ ɢ ɩɪɢɠɢɦɚɸɬ ɤ ɧɟɣ ɡɚɠɢɦɚɦɢ. ɒɬɚɦɩ 
ɩɨɦɟɳɚɸɬ ɜ ɫɨɫɭɞ ɫ ɩɟɪɟɞɚɸɳɟɣ ɫɪɟɞɨɣ (ɜɨɞɨɣ), ɜ ɤɨɬɨɪɨɦ ɩɨɞɜɟɲɟɧ ɡɚɪɹɞ ɫ 
ɜɡɪɵɜɱɚɬɵɦ ɜɟɳɟɫɬɜɨɦ. ɉɨɥɨɫɬɶ ɦɚɬɪɢɰɵ ɩɨɞ ɡɚɝɨɬɨɜɤɨɣ ɜɚɤɭɭɦɢɪɭɟɬɫɹ, ɱɬɨɛɵ 
ɜɨɡɞɭɯ ɧɟ ɩɪɟɩɹɬɫɬɜɨɜɚɥ ɟɟ ɩɥɨɬɧɨɦɭ ɩɪɢɥɟɝɚɧɢɸ ɤ ɦɚɬɪɢɰɟ. ȼɡɪɵɜ ɨɛɪɚɡɭɟɬ 
ɭɞɚɪɧɭɸ ɜɨɥɧɭ, ɤɨɬɨɪɚɹ, ɞɨɫɬɢɝɚɹ ɡɚɝɨɬɨɜɤɢ, ɜɵɡɵɜɚɟɬ ɟɟ ɪɚɡɝɨɧ ɢ ɞɟɮɨɪɦɚɰɢɸ. 
ɉɪɢ ɲɬɚɦɩɨɜɤɟ ɜɡɪɵɜɨɦ ɧɟ ɬɪɟɛɭɟɬɫɹ ɞɨɪɨɝɨɝɨ ɩɪɟɫɫɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɤɨɧɫɬɪɭɤɰɢɹ ɲɬɚɦɩɚ ɨɱɟɧɶ ɩɪɨɫɬɚ.  
Ɍɚɤɨɣ ɠɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɩɪɨɫɬɨɬɨɣ ɨɛɥɚɞɚɟɬ ɢ ɫɩɨɫɨɛ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɣ 
ɜɵɬɹɠɤɢ (ɪɢɫɭɧɨɤ 1.19). Ɇɚɬɪɢɰɚ ɫ ɡɚɝɨɬɨɜɤɨɣ ɩɨɦɟɳɚɸɬɫɹ ɜ ɝɟɪɦɟɬɢɱɧɵɣ ɫɨɫɭɞ, 
ɡɚɩɨɥɧɟɧɧɵɣ ɧɟɫɠɢɦɚɸɳɟɣɫɹ ɩɟɪɟɞɚɸɳɟɣ ɫɪɟɞɨɣ (ɜɨɞɨɣ). Ɂɚɬɟɦ ɞɚɜɥɟɧɢɟ ɜ 
ɫɨɫɭɞɟ ɧɚɱɢɧɚɟɬ ɧɚɝɧɟɬɚɬɶɫɹ ɡɚ ɫɱɟɬ ɩɨɞɚɱɢ ɜɨɞɵ ɜ ɫɨɫɭɞ. ɗɬɨ ɞɚɜɥɟɧɢɟ 
ɪɚɜɧɨɦɟɪɧɨ ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɡɚɝɨɬɨɜɤɢ. Ʉɨɝɞɚ ɡɧɚɱɟɧɢɟ ɞɚɜɥɟɧɢɹ 
ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɦɟɬɚɥɥɚ, ɦɟɬɚɥɥ ɧɚɱɢɧɚɟɬ 
ɩɥɚɫɬɢɱɟɫɤɢ ɡɚɬɟɤɚɬɶ ɜ ɨɬɜɟɪɫɬɢɟ ɦɚɬɪɢɰɵ. 
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Ɋɢɫɭɧɨɤ 1.18 – ɋɯɟɦɚ ɜɵɬɹɠɤɢ ɜɡɪɵɜɨɦ ɞɟɬɚɥɟɣ ɢɡ ɩɥɨɫɤɨɣ ɡɚɝɨɬɨɜɤɢ: 1 – 
ɡɚɝɨɬɨɜɤɚ, 2 – ɡɚɪɹɞ ɜɡɪɵɜɱɚɬɨɝɨ ɜɟɳɟɫɬɜɚ, 3 – ɫɨɫɭɞ, 4 – ɜɨɞɚ, 5 – ɩɪɢɠɢɦɧɨɟ 
ɤɨɥɶɰɨ, θ – ɦɚɬɪɢɰɚ, ι – ɜɚɤɭɭɦɧɚɹ ɫɢɫɬɟɦɚ 
 
 
Ɋɢɫɭɧɨɤ 1.19 – ɋɯɟɦɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɣ ɜɵɬɹɠɤɢ: 1 – ɫɨɫɭɞ, 2 – ɦɚɬɪɢɰɚ, 3 – 
ɡɚɝɨɬɨɜɤɚ, 4 – ɜɨɞɚ, 5 – ɧɚɝɧɟɬɚɬɟɥɶ ɞɚɜɥɟɧɢɹ, θ – ɦɚɧɨɦɟɬɪ; Ⱥ – ɧɚɱɚɥɶɧɨɟ 
ɫɨɫɬɨɹɧɢɟ, Ȼ – ɤɨɧɟɱɧɨɟ ɫɨɫɬɨɹɧɢɟ 
 
ɏɨɬɹ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜɵɲɟ ɫɩɨɫɨɛɵ ɜɵɬɹɠɤɢ ɨɛɥɚɞɚɸɬ ɜɵɝɨɞɧɵɦ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɡɚɝɨɬɨɜɤɢ ɜ ɩɪɨɰɟɫɫɟ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɩɪɨɫɬɨɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɞɚɧɧɵɯ ɨɛ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɪɢɞɢɟɜɵɯ ɬɢɝɥɟɣ ɧɟ ɛɵɥɨ ɧɚɣɞɟɧɨ. 
ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɚ ɜɵɬɹɠɤɚ ɩɭɚɧɫɨɧɨɦ (ɪɢɫɭɧɨɤ 1.20). 
ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɮɨɪɦɨɜɚɧɢɟ ɩɥɨɫɤɨɣ ɢɪɢɞɢɟɜɨɣ ɡɚɝɨɬɨɜɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 900 ɞɨ 1400 °ɋ. Ɍɟɩɥɚɹ ɜɵɬɹɠɤɚ, ɬɨ ɟɫɬɶ ɞɟɮɨɪɦɚɰɢɢ 
ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɛɵɥɚ ɭɫɩɟɲɧɨ ɩɪɨɜɟɞɟɧɚ ɧɚ ɢɪɢɞɢɢ ɢ ɟɝɨ 
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ɫɩɥɚɜɚɯ. ɉɨɥɭɫɮɟɪɢɱɟɫɤɢɟ ɱɚɲɤɢ ɢɡ ɢɪɢɞɢɟɜɨɝɨ ɫɩɥɚɜɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜɵɬɹɠɤɨɣ 
ɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɩɪɟɫɫɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɫɬɪɭɦɟɧɬɚ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɧɚɝɪɟɬɨɝɨ ɞɨ 500 °ɋ. Ⱦɨ ɮɨɪɦɨɜɚɧɢɹ ɡɚɝɨɬɨɜɤɢ ɛɵɥɢ ɢɧɤɚɩɫɭɥɢɪɨɜɚɧɵ ɜ 
ɨɬɤɚɱɚɧɧɵɟ ɨɛɨɥɨɱɤɢ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɧɚɝɪɟɬɵ ɞɨ 900 °ɋ. Ɉɞɧɚɤɨ ɢɧɤɚɩɫɭɥɹɰɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɭɞɚɥɟɧɢɟ ɤɚɩɫɭɥɶɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɞɨɛɚɜɥɹɟɬ ɷɬɚɩɨɜ ɨɛɪɚɛɨɬɤɢ, ɭɜɟɥɢɱɢɜɚɟɬ ɡɚɬɪɚɬɵ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨ 
ɫɧɢɠɚɟɬ ɤɚɱɟɫɬɜɨ ɢɡɞɟɥɢɹ [32].  
 
Ɋɢɫɭɧɨɤ 1.20 – ɋɯɟɦɚ ɜɵɬɹɠɤɢ ɬɢɝɥɹ ɩɭɚɧɫɨɧɨɦ: Ⱥ – ɧɚɱɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ, Ȼ – 
ɤɨɧɟɱɧɨɟ ɫɨɫɬɨɹɧɢɟ 
 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɵɯ ɢɡɞɟɥɢɣ ɢɡ ɢɪɢɞɢɹ ɧɚ ȿɁ ɈɐɆ ɜ ɤɨɧɰɟ 90-ɯ 
ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɜɟɤɚ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɩɵɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɝɨɪɹɱɟɣ 
ɜɵɬɹɠɤɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 1000-1200 °ɋ ɫ ɤɨɧɬɪɨɥɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 
ɩɪɨɰɟɫɫɟ ɞɟɮɨɪɦɚɰɢɢ Д11Ж. Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɛɵɥ ɜɵɛɪɚɧ ɢɫɯɨɞɹ ɢɡ 
ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɹ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɢɪɢɞɢɹ ɧɚ ɪɚɡɪɵɜ (ɪɢɫɭɧɨɤ 1.21). 
Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɨɰɟɫɫɚ 
ɝɨɪɹɱɟɣ ɜɵɬɹɠɤɢ ɜɵɬɹɠɧɭɸ ɦɚɬɪɢɰɭ ɢ ɞɟɬɚɥɢ ɨɫɧɚɫɬɤɢ, ɩɪɢɦɵɤɚɸɳɢɟ ɤ ɧɟɣ, 
ɩɨɞɨɝɪɟɜɚɥɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 350-400 °ɋ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɪɟɡɤɨɝɨ ɨɯɥɚɠɞɟɧɢɹ 
ɡɚɝɨɬɨɜɤɢ ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɦɚɬɪɢɰɟɣ. Ⱦɥɹ ɧɚɝɪɟɜɚ ɦɚɬɪɢɰɵ ɢ ɨɫɧɚɫɬɤɢ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɩɟɰɢɚɥɶɧɭɸ ɩɟɱɶ, ɤɨɬɨɪɭɸ ɭɫɬɚɧɚɜɥɢɜɚɥɢ ɫɧɚɪɭɠɢ ɨɫɧɚɫɬɤɢ. 
Ʌɢɫɬɨɜɭɸ ɡɚɝɨɬɨɜɤɭ ɧɚɝɪɟɜɚɥɢ ɪɹɞɨɦ ɫ ɩɪɟɫɫɨɦ, ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1300-1350 °ɋ. 
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ɉɥɨɫɤɢɟ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɡɚɝɨɬɨɜɤɢ ɞɢɚɦɟɬɪɨɦ D = 115 ɦɦ ɢ ɬɨɥɳɢɧɨɣ S = 2 ɦɦ 
ɢɡ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɥɢɫɬɨɜɨɝɨ ɢɪɢɞɢɹ ɢɦɟɥɢ ɬɜɟɪɞɨɫɬɶ ɩɨ ȼɢɤɤɟɪɫɭ ɇV10= 
250. ɉɪɢ ɨɫɦɨɬɪɟ ɡɚɝɨɬɨɜɨɤ ɜ ɦɢɤɪɨɫɤɨɩɟ ɧɚɛɥɸɞɚɥɢɫɶ ɤɪɭɩɧɵɟ ɡɟɪɧɚ ɪɚɡɥɢɱɧɵɯ 
ɪɚɡɦɟɪɨɜ ɫ ɪɚɡɜɢɬɵɦɢ ɝɪɚɧɢɰɚɦɢ. Ȼɨɤɨɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɧɟ ɢɦɟɥɚ ɜɢɞɢɦɵɯ ɬɪɟɳɢɧ 
ɢ ɩɨɪ. ɉɪɨɰɟɫɫ ɝɥɭɛɨɤɨɣ ɜɵɬɹɠɤɢ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɜɵɬɹɠɤɢ 0,91 
ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɬɨɥɳɢɧɨɣ S/D = 0,0183, ɫɬɟɩɟɧɶ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢɦɟɪɧɨ 11 %. 
ɉɨɫɥɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɞɧɨ ɬɢɝɥɹ ɢɦɟɥɨ ɪɚɡɦɟɪɵ: D = 104,θ ɦɦ ɢ ɜɵɫɨɬɭ 20 ɦɦ ɩɪɢ 
ɪɚɞɢɭɫɟ ɡɚɤɪɭɝɥɟɧɢɹ 9 ɦɦ ɢ ɧɟ ɢɦɟɥɨ ɬɪɟɳɢɧ ɜ ɡɨɧɟ ɪɚɞɢɭɫɨɜ. 
 
Ɋɢɫɭɧɨɤ 1.21 – Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɢɪɢɞɢɹ ɩɪɢ 
ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɪɚɡɪɵɜ: 1 – ɦɟɬɚɥɥ ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ, 2 – ɦɟɬɚɥɥ 
ɬɟɯɧɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɨɪɹɱɚɹ ɞɟɮɨɪɦɚɰɢɹ ɢɪɢɞɢɟɜɵɯ ɡɚɝɨɬɨɜɨɤ ɦɟɬɨɞɨɦ 
ɝɥɭɛɨɤɨɣ ɜɵɬɹɠɤɢ ɜ ɭɤɚɡɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 
ɤɚɱɟɫɬɜɟɧɧɵɟ ɢɡɞɟɥɢɹ ɢɡ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɢɪɢɞɢɹ ɞɚɠɟ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɵɯ 
ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɹɯ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ. 
 
1.5. ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɚɧɚɥɢɡɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɜ ɨɩɟɪɚɰɢɹɯ ɲɬɚɦɩɨɜɤɢ 
 
 Ⱥɧɚɥɢɡ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɩɪɨɰɟɫɫɨɜ 
ɈɆȾ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɪɭɞɧɭɸ, ɚ ɢɧɨɝɞɚ ɞɚɠɟ 
ɧɟɪɚɡɪɟɲɢɦɭɸ ɡɚɞɚɱɭ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜɨ ɜɪɟɦɹ ɞɟɮɨɪɦɚɰɢɢ ɦɨɝɭɬ 
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ɦɟɧɹɬɶɫɹ ɮɢɡɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ (ɬɟɦɩɟɪɚɬɭɪɚ, ɫɤɨɪɨɫɬɶ ɢ ɞɪ.), 
ɫɨɫɬɨɹɧɢɟ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɮɚɡɨɜɵɣ ɢ 
ɫɬɪɭɤɬɭɪɧɵɣ ɫɨɫɬɚɜɵ ɢ ɩɪ.), ɤɨɧɮɢɝɭɪɚɰɢɹ ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ. Ɉɞɧɚɤɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɰɟɞɭɪ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɦɚɬɟɪɢɚɥɚ ɢ ɷɥɟɤɬɪɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 
ɬɟɯɧɢɤɢ ɩɨɡɜɨɥɢɥɨ ɫɨɡɞɚɬɶ ɩɪɨɝɪɚɦɦɧɵɟ ɩɪɨɞɭɤɬɵ, ɫɩɨɫɨɛɧɵɟ ɨɩɢɫɚɬɶ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɞɚɠɟ ɜ ɨɱɟɧɶ ɫɥɨɠɧɵɯ ɩɪɨɰɟɫɫɚɯ 
ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ ɞɚɜɥɟɧɢɟɦ. Ⱦɚɥɟɟ ɛɭɞɭɬ ɩɪɢɜɟɞɟɧɵ ɧɟɤɨɬɨɪɵɟ ɩɪɨɝɪɚɦɦɧɵɟ 
ɩɪɨɞɭɤɬɵ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɲɬɚɦɩɨɜɤɢ. 
 
1.5.1. ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ QFORM 
 
 QFORM – ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ 
ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ ɞɚɜɥɟɧɢɟɦ. ɉɪɨɝɪɚɦɦɚ ɨɫɧɨɜɚɧɚ ɧɚ ɦɟɬɨɞɟ 
ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɹɞɪɨ ɫɢɫɬɟɦɵ), ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɮɢɪɦɨɣ «ɄɜɚɧɬɨɪɎɨɪɦ» 
(Ɋɨɫɫɢɹ) ɫ 1991 ɝɨɞɚ [33].  
 Ⱦɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ 
ɫɥɟɞɭɸɳɢɯ ɩɪɨɰɟɫɫɨɜ: 
- ɤɨɜɤɚ [34]; 
- ɨɛɴɺɦɧɚɹ ɲɬɚɦɩɨɜɤɚ (ɯɨɥɨɞɧɚɹ ɢ ɝɨɪɹɱɚɹ) [35]; 
- ɜɚɥɶɰɨɜɤɚ ɢ ɩɪɨɤɚɬɤɚ; 
- ɪɚɫɤɚɬɤɚ; 
- ɷɤɫɬɪɭɡɢɹ ɢ ɩɪɟɫɫɨɜɚɧɢɟ [36]; 
- ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ; 
- ɢɡɦɟɧɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜɨ ɜɪɟɦɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 
Ƚɨɜɨɪɹ ɨɛ ɨɫɨɛɟɧɧɨɫɬɹɯ ɫɢɫɬɟɦɵ QFORM, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ 
ɨɫɧɨɜɧɵɟ ɦɨɦɟɧɬɵ: 
- ɉɚɤɟɬ ɩɪɨɝɪɚɦɦ QFORM ɹɜɥɹɟɬɫɹ ɩɨɥɧɨɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɨɛɴɟɤɬɧɨ-
ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦ ɩɪɢɥɨɠɟɧɢɟɦ АТЧНШаЬ ɫ ɩɪɨɫɬɵɦ ɢ ɢɧɬɭɢɬɢɜɧɨ ɩɨɧɹɬɧɵɦ 
ɝɪɚɮɢɱɟɫɤɢɦ ɢɧɬɟɪɮɟɣɫɨɦ; 
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- ɉɨɥɧɨɫɬɶɸ ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɢɧɯɪɨɧɧɨɟ 
ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ ɥɸɛɨɣ ɱɚɫɬɢ ɩɪɨɝɪɚɦɦɵ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɩɪɨɞɭɤɬɨɜ ɜ 
QFORM ɧɟɬ ɧɢɤɚɤɨɝɨ ɠɟɫɬɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɫɢɫɬɟɦɵ ɧɚ ɩɪɟɩɪɨɰɟɫɫɨɪɵ ɢ 
ɩɨɫɬɩɪɨɰɟɫɫɨɪɵ. ȼɢɡɭɚɥɢɡɚɰɢɹ ɩɪɨɰɟɫɫɨɜ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɪɚɫɱɟɬɨɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɟɦɟɞɥɟɧɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ 
ɩɨɥɭɱɚɟɦɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɜɧɨɫɢɬɶ ɜ ɬɟɯɧɨɥɨɝɢɸ ɧɟɨɛɯɨɞɢɦɵɟ ɢɡɦɟɧɟɧɢɹ, 
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɤɨɪɪɟɤɬɧɨɫɬɶ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɫ ɩɟɪɜɨɝɨ ɲɚɝɚ ɪɚɫɱɟɬɚ; 
- ɉɪɢ ɩɨɞɝɨɬɨɜɤɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɶ ɨɩɟɪɢɪɭɟɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɨɧɹɬɢɹɦɢ, ɚ ɦɚɫɬɟɪ ɩɨɞɝɨɬɨɜɤɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɨɡɜɨɥɹɟɬ 
ɛɵɫɬɪɨ ɢ ɥɟɝɤɨ ɜɜɟɫɬɢ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɵ; 
- ɉɪɨɝɪɚɦɦɚ QFORM ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɬɪɨɢɬ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɭɸ ɫɟɬɤɭ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜ ɨɛɴɟɦɟ ɲɬɚɦɩɨɜ ɢ ɡɚɝɨɬɨɜɤɢ ɢ ɩɟɪɟɫɬɪɚɢɜɚɟɬ ɟɟ ɜ ɩɪɨɰɟɫɫɟ 
ɪɟɲɟɧɢɹ ɩɨ ɦɟɪɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ. ɉɨɫɤɨɥɶɤɭ ɜ ɨɫɧɨɜɟ ɥɟɠɢɬ ɧɟɥɢɧɟɣɧɚɹ 
ɚɩɩɪɨɤɫɢɦɚɰɢɹ, ɬɨ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɟ ɢ ɷɮɮɟɤɬɢɜɧɵɟ 
ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɚɞɚɩɬɢɜɧɵɟ ɚɥɝɨɪɢɬɦɵ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɨɤ. ɋɟɬɤɚ 
ɫɝɭɳɚɟɬɫɹ ɜ ɦɟɫɬɚɯ ɧɚɢɛɨɥɶɲɟɣ ɤɪɢɜɢɡɧɵ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜɵɫɨɤɢɯ ɝɪɚɞɢɟɧɬɨɜ 
ɪɟɲɟɧɢɹ ɢ ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɡɪɟɠɟɧɚ ɜ ɦɟɫɬɚɯ, ɝɞɟ ɬɟɱɟɧɢɟ ɦɟɬɚɥɥɚ ɧɟ ɢɧɬɟɧɫɢɜɧɨ. 
ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɷɤɨɧɨɦɢɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ 
ɬɨɱɧɨɫɬɶ ɪɟɲɟɧɢɹ; 
- ɉɚɤɟɬ QFORM3D ɨɛɴɟɞɢɧɹɟɬ ɞɜɭɦɟɪɧɨɟ ɢ ɬɪɟɯɦɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ 
ɨɞɧɨɣ ɩɪɨɝɪɚɦɦɟ. ɂɧɬɟɝɪɚɰɢɹ ɞɜɭɦɟɪɧɨɝɨ ɢ ɬɪɟɯɦɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɨɞɧɨɣ 
ɩɪɨɝɪɚɦɦɟ ɞɚɟɬ ɭɧɢɤɚɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨ ɦɨɞɟɥɢɪɨɜɚɬɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɰɟɩɨɱɤɢ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɲɬɚɦɩɨɜɨɱɧɵɯ ɩɟɪɟɯɨɞɨɜ, 
ɩɟɪɜɵɟ ɢɡ ɤɨɬɨɪɵɯ ɨɛɥɚɞɚɸɬ ɨɫɟɜɨɣ ɫɢɦɦɟɬɪɢɟɣ ɢ ɦɨɝɭɬ ɛɵɬɶ ɛɵɫɬɪɨ ɪɟɲɟɧɵ ɜ 
ɞɜɭɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ (ɧɚɩɪɢɦɟɪ, ɨɫɚɞɤɚ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɩɟɪɟɯɨɞɵ), ɚ 
ɩɨɫɥɟɞɭɸɳɢɟ ɬɪɟɛɭɸɬ ɩɨɥɧɨɦɚɫɲɬɚɛɧɨɝɨ ɬɪɟɯɦɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
 
 
 
 
36 
 
1.5.2. ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ DEFORM 
 
 DEFORM – ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɢɧɠɟɧɟɪɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɚɧɚɥɢɡɚ ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ ɞɚɜɥɟɧɢɟɦ, 
ɬɟɪɦɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. Ⱦɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 
ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɤɨɦɩɚɧɢɟɣ SМТОЧЭТПТМ FШЫЦТЧР TОМСЧШХШРТОЬ CШЫЩШЫКЭТШЧ (SFTC) 
(ɋɒȺ) ɫ ɜɨɫɶɦɢɞɟɫɹɬɵɯ ɝɨɞɨɜ ББ ɜɟɤɚ [37].  
ɉɪɨɝɪɚɦɦɚ DEFORM ɩɨɡɜɨɥɹɟɬ ɦɨɞɟɥɢɪɨɜɚɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɩɪɨɰɟɫɫɵ, 
ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɨɛɪɚɛɨɬɤɟ ɦɟɬɚɥɥɨɜ ɞɚɜɥɟɧɢɟɦ (ɤɨɜɤɚ, ɲɬɚɦɩɨɜɤɚ [38], ɩɪɨɤɚɬɤɚ, 
ɩɪɟɫɫɨɜɚɧɢɟ ɢ ɞɪ.), ɚ ɬɚɤɠɟ ɨɩɟɪɚɰɢɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ (ɡɚɤɚɥɤɚ, ɫɬɚɪɟɧɢɟ, 
ɨɬɩɭɫɤ ɢ ɞɪ.) ɢ ɦɟɯɚɧɨɨɛɪɚɛɨɬɤɢ (ɮɪɟɡɟɪɨɜɚɧɢɟ, ɫɜɟɪɥɟɧɢɟ ɢ ɞɪ.). 
ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ DEFηRε ɢɦɟɟɬ ɦɨɞɭɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ, 
ɩɨɡɜɨɥɹɸɳɭɸ ɜɵɛɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɧɚɛɨɪ ɦɨɞɭɥɟɣ ɩɨɞ ɧɨɦɟɧɤɥɚɬɭɪɭ ɪɟɲɚɟɦɵɯ 
ɡɚɞɚɱ. Ʉ ɨɫɧɨɜɧɵɦ ɦɨɞɭɥɹɦ ɨɬɧɨɫɹɬɫɹ: 
 - DEFORM–3D – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɪɟɯɦɟɪɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ ɞɚɜɥɟɧɢɟɦ; 
- DEFORM–2D – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɭɦɟɪɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ ɞɚɜɥɟɧɢɟɦ (ɨɫɟɫɢɦɦɟɬɪɢɱɧɵɟ ɢ ɩɥɨɫɤɢɟ ɡɚɞɚɱɢ); 
- DEFORM–F3 – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɪɟɯɦɟɪɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ ɞɚɜɥɟɧɢɟɦ, ɹɜɥɹɟɬɫɹ «ɨɛɥɟɝɱɟɧɧɨɣ» ɜɟɪɫɢɟɣ 
DEFORM 3D; 
- DEFORM–F2 – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɭɦɟɪɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ ɞɚɜɥɟɧɢɟɦ (ɨɫɟɫɢɦɦɟɬɪɢɱɧɵɟ ɢ ɩɥɨɫɤɢɟ ɡɚɞɚɱɢ), 
«ɨɛɥɟɝɱɟɧɧɚɹ» ɜɟɪɫɢɹ DEFηRε 2D; 
- DEFηRε HT3 ɢ DEFηRε HT2 – ɦɨɞɭɥɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɪɟɯɦɟɪɧɵɯ ɢ ɞɜɭɯɦɟɪɧɵɯ (ɨɫɟɫɢɦɦɟɬɪɢɱɧɵɟ ɢ 
ɩɥɨɫɤɢɟ ɡɚɞɚɱɢ) ɩɪɨɰɟɫɫɨɜ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ; 
- DEFORM–TOOLS – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɚɧɢɦɚɰɢɣ ɢ 
ɩɪɟɡɟɧɬɚɰɢɣ.  
Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɦɨɞɭɥɹ DEFORM ɹɜɥɹɸɬɫɹ: 
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- Ring Rolling (3D) – ɦɨɞɭɥɶ, ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɣ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɨɜ ɪɚɫɤɚɬɤɢ ɤɨɥɟɰ. Ɇɨɠɟɬ ɪɚɛɨɬɚɬɶ ɤɚɤ ɨɬɞɟɥɶɧɵɣ ɦɨɞɭɥɶ, ɬɚɤ ɢ ɤɚɤ 
ɩɪɢɥɨɠɟɧɢɟ ɤ ɦɨɞɭɥɸ DEFηRε–3D; 
- Cogging (3D) - ɩɪɢɥɨɠɟɧɢɟ ɤ ɦɨɞɭɥɸ DEFηRε–3D ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɨɜ ɩɪɨɬɹɠɤɢ ɧɚ ɦɨɥɨɬɟ. Ɇɨɞɭɥɶ ɜɤɥɸɱɚɟɬ ɧɚɛɨɪ ɫɬɚɧɞɚɪɬɧɵɯ ɝɟɨɦɟɬɪɢɣ 
ɡɚɝɨɬɨɜɨɤ ɢ ɦɚɧɢɩɭɥɹɬɨɪ ɞɥɹ ɩɪɨɬɹɠɤɢ; 
- Shape Rolling (3D) - ɩɪɢɥɨɠɟɧɢɟ ɤ ɦɨɞɭɥɸ DEFηRε–3D - ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɩɪɨɰɟɫɫɨɜ ɩɪɨɤɚɬɤɢ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɤɥɚɞɨɤ ɜ ɦɚɬɟɪɢɚɥɟ, 
ɪɚɫɬɹɠɟɤ, ɢɡɝɢɛɨɜ ɢ ɬ.ɞ.; 
- InverЬО PЫШЩОЫЭв EбЭЫКМЭТШЧ (2D ɢɥɢ 3D) - ɩɪɢɥɨɠɟɧɢɟ ɤ ɦɨɞɭɥɹɦ DEFηRε–
3D ɥɢɛɨ DEFηRε–2D, ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɧɚ ɝɪɚɧɢɰɟ 
ɡɚɝɨɬɨɜɤɢ; 
- Simulation Queue - ɦɨɞɭɥɶ, ɩɨɡɜɨɥɹɸɳɢɣ ɪɟɚɥɢɡɨɜɚɬɶ ɩɚɤɟɬɧɵɣ ɪɟɠɢɦ 
ɨɛɪɚɛɨɬɤɢ ɧɟɫɤɨɥɶɤɢɯ ɡɚɞɚɧɢɣ; 
- MicrostructЮЫО 3D ɢ εТМЫШЬЭЫЮМЭЮЫО 2D – ɹɜɥɹɸɬɫɹ ɩɪɢɥɨɠɟɧɢɹɦɢ ɤ ɦɨɞɭɥɹɦ 
DEFORM–3D ɢ DEFηRε–2D ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɪɟɯɦɟɪɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ; 
- εКМСТЧТЧР 3D ɢ εКМСТЧТЧР 2D – ɩɪɢɥɨɠɟɧɢɹ ɤ ɦɨɞɭɥɹɦ DEFηRε–3D ɢ 
DEFORM–2D ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɦɟɯɚɧɨɨɛɪɚɛɨɬɤɢ. 
 
1.5.3. ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ PAM-STAMP 
 
 PAM-STAMP 2G ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɮɪɚɧɰɭɡɫɤɨɣ ɤɨɦɩɚɧɢɟɣ ESI Group ɫ 
ɫɟɪɟɞɢɧɵ ɫɟɦɢɞɟɫɹɬɵɯ ɝɨɞɨɜ XX ɜɟɤɚ, ɨɯɜɚɬɵɜɚɟɬ ɜɟɫɶ ɩɪɨɰɟɫɫ ɥɢɫɬɨɜɨɣ 
ɲɬɚɦɩɨɜɤɢ ɨɬ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɲɬɚɦɩɚ ɞɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɢ 
ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɜɟɪɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɨɝɧɨɡ ɢɡɦɟɧɟɧɢɹ ɩɪɭɠɢɧɟɧɢɹ ɢ ɜɧɟɫɟɧɢɟ 
ɧɟɨɛɯɨɞɢɦɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɤɨɪɪɟɤɬɢɪɨɜɨɤ Д39]. ɉɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɩɪɨɝɪɚɦɦɵ PAM-STAMP ɞɥɹ ɚɧɚɥɢɡɚ ɩɪɨɰɟɫɫɨɜ ɲɬɚɦɩɨɜɤɢ ɦɨɠɧɨ ɧɚɣɬɢ ɜ [40]. 
Ɇɨɞɭɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɵ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɫɟɯ 
ɷɥɟɦɟɧɬɨɜ ɩɪɨɰɟɫɫɚ ɲɬɚɦɩɨɜɤɢ - ɨɬ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɜɵɛɨɪɚ 
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ɡɚɝɨɬɨɜɤɢ ɞɨ ɪɚɫɱɟɬɚ ɨɫɭɳɟɫɬɜɢɦɨɫɬɢ ɩɪɨɰɟɫɫɚ ɢ ɢɬɨɝɨɜɨɝɨ ɩɪɨɜɟɪɨɱɧɨɝɨ ɪɚɫɱɟɬɚ 
ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɜɫɟɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɟɪɟɞ ɡɚɩɭɫɤɨɦ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ. 
Ɉɫɧɨɜɧɵɟ ɪɚɫɱɟɬɧɵɟ ɦɨɞɭɥɢ ɜ PAε-STAMP: 
 - AUTOSTAMP – ɦɨɞɭɥɶ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɨɱɧɨɝɨ ɨɫɧɨɜɧɨɝɨ 
ɪɚɫɱɟɬɚ ɩɪɨɰɟɫɫɚ ɥɢɫɬɨɜɨɣ ɲɬɚɦɩɨɜɤɢ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɩɪɨɦɨɞɟɥɢɪɨɜɚɬɶ ɜɫɸ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɰɟɩɨɱɤɭ ɨɬ ɭɤɥɚɞɤɢ ɡɚɝɨɬɨɜɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɲɬɚɦɩɚ ɞɨ 
ɨɤɨɧɱɚɬɟɥɶɧɵɯ ɨɬɞɟɥɨɱɧɵɯ ɨɩɟɪɚɰɢɣ. ɉɨɦɢɦɨ ɨɩɟɪɚɰɢɣ ɲɬɚɦɩɨɜɤɢ ɪɟɲɚɬɟɥɶ 
ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɞɟɮɨɪɦɚɰɢɸ ɬɪɭɛ - ɝɢɛɤɭ ɢ ɝɢɞɪɨɮɨɦɨɜɤɭ; 
 - Die Compensation – ɦɨɞɭɥɶ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɝɟɨɦɟɬɪɢɢ 
ɞɟɮɨɪɦɢɪɭɸɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɰɟɥɶɸ ɤɨɦɩɟɧɫɚɰɢɢ ɩɪɭɠɢɧɟɧɢɹ ɝɨɬɨɜɨɝɨ 
ɢɡɞɟɥɢɹ; 
 - PAM-DIEMAKER – ɦɨɞɭɥɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɝɨɬɨɜɨɣ ɲɬɚɦɩɨɜɨɣ 
ɨɫɧɚɫɬɤɢ, ɤɨɬɨɪɚɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɩɪɢ ɪɚɫɱɟɬɚɯ, ɬɚɤ ɢ 
ɛɵɬɶ ɡɚɩɭɳɟɧɚ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ. ɉɪɢ ɪɚɛɨɬɟ ɜ ɩɪɨɞɭɤɬɟ ɫɭɳɟɫɬɜɭɟɬ ɞɜɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ - ɨɬ ɝɨɬɨɜɨɣ ɞɟɬɚɥɢ ɢɥɢ ɨɬ ɫɭɳɟɫɬɜɭɸɳɟɣ ɨɫɧɚɫɬɤɢ.  
ɉɟɪɜɵɣ ɜɚɪɢɚɧɬ ɨɛɵɱɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɫɥɭɱɚɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɨɜɨɣ ɞɟɬɚɥɢ; 
 - PAM-INVERSE – ɦɨɞɭɥɶ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɨɥɭɱɢɬɶ ɮɨɪɦɭ ɢ ɪɚɡɦɟɪɵ 
ɢɫɯɨɞɧɨɣ ɡɚɝɨɬɨɜɤɢ ɩɟɪɟɞ ɲɬɚɦɩɨɜɤɨɣ, ɚ ɬɚɤɠɟ ɧɚɥɨɠɢɬɶ ɤɪɢɜɵɟ ɨɛɪɟɡɤɢ ɧɚ 
ɢɡɞɟɥɢɟ ɩɭɬɟɦ ɪɚɡɜɟɪɬɤɢ ɞɟɬɚɥɢ. ɉɪɢ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɬɚɤɠɟ 
ɨɰɟɧɢɜɚɟɬɫɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɦɟɬɚɥɥɚ ɢ ɜɟɥɢɱɢɧɵ 
ɭɬɨɥɳɟɧɢɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɟɪɜɵɟ ɫɜɟɞɟɧɢɹ ɨ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ 
ɩɪɨɰɟɫɫɚ; 
 - QUIKSTAMP PLUS – ɦɨɞɭɥɶ, ɩɪɨɜɨɞɹɳɢɣ ɛɵɫɬɪɭɸ ɨɰɟɧɤɭ ɬɟɯɧɨɥɨɝɢɢ ɧɚ 
ɨɫɭɳɟɫɬɜɢɦɨɫɬɶ, ɤɨɬɨɪɵɣ ɩɨɤɚɠɟɬ ɤɚɪɬɢɧɭ ɞɟɮɨɪɦɚɰɢɢ ɦɟɬɚɥɥɚ, ɨɫɧɨɜɧɵɟ 
ɞɟɮɟɤɬɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɞɚɫɬ ɧɟɨɛɯɨɞɢɦɭɸ ɢɧɮɨɪɦɚɰɢɸ ɞɥɹ ɤɨɪɪɟɤɬɢɪɨɜɤɢ 
ɬɟɯɧɨɥɨɝɢɢ. ɉɪɢ ɷɬɨɦ QUIKSTAεP PδUS - ɹɜɥɹɟɬɫɹ ɩɨɥɧɨɮɭɧɤɰɢɨɧɚɥɶɧɵɦ 
ɪɟɲɚɬɟɥɟɦ - ɭɱɢɬɵɜɚɸɬɫɹ ɜɫɟ ɫɬɚɞɢɢ ɥɢɫɬɨɜɨɣ ɲɬɚɦɩɨɜɤɢ ɢ ɩɨɥɧɵɣ ɧɚɛɨɪ 
ɨɫɧɚɫɬɤɢ. 
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1.5.4. ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ABAQUS 
 
ABAQUS – ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɜ ɨɛɥɚɫɬɢ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɵɯ ɪɚɫɱɟɬɨɜ 
ɧɚ ɩɪɨɱɧɨɫɬɶ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɪɟɲɟɧɢɹ ɞɥɹ ɫɥɨɠɧɵɯ 
ɥɢɧɟɣɧɵɯ ɢ ɧɟɥɢɧɟɣɧɵɯ ɢɧɠɟɧɟɪɧɵɯ ɩɪɨɛɥɟɦ. ɋɟɦɟɣɫɬɜɨ ɩɪɨɞɭɤɬɨɜ ABAQUS 
ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɢ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɤɨɦɩɚɧɢɟɣ ABAQUS IЧМ. (USA) ɫ 19ι8 ɝɨɞɚ. 
C 2005 ɝɨɞɚ ABAQUS IЧМ. ɜɯɨɞɢɬ ɜ ɤɨɦɩɚɧɢɸ DКЬЬКЮХЭ SвЬЭОЦОЬ, ɤɨɬɨɪɚɹ 
ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɱɢɤɨɦ ɢɡɜɟɫɬɧɨɣ CAD-ɫɢɫɬɟɦɵ CATIA ɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 
ɠɢɡɧɟɧɧɵɦ ɰɢɤɥɨɦ ɢɡɞɟɥɢɣ Pδε SЦКЫTОКЦ ɢ EЧШЯТК. ȼ ɤɚɱɟɫɬɜɟ ɫɬɪɚɬɟɝɢɢ 
ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɤɨɦɩɚɧɢɟɣ ABAQUS ɛɵɥɨ ɚɧɨɧɫɢɪɨɜɚɧɨ ɫɨɡɞɚɧɢɟ ɧɨɜɨɣ 
ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɫɪɟɞɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ SIεUδIA, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɨɛɨɛɳɚɬɶ ɧɟ 
ɬɨɥɶɤɨ ɜɫɟ ɪɟɲɟɧɢɹ ɤɨɦɩɚɧɢɣ DКЬЬКЮХЭ SвЬЭОЦОЬ ɢ ABAQUS IЧМ. ɜ ɨɛɥɚɫɬɢ 
ɩɪɨɱɧɨɫɬɧɵɯ ɪɚɫɱɟɬɨɜ, ɧɨ ɢ ɨɛɴɟɞɢɧɹɬɶ ɥɭɱɲɢɟ ɪɟɲɟɧɢɹ ɬɪɟɬɶɢɯ ɮɢɪɦ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɦɨɳɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚɪɢɹ ɞɥɹ ɪɟɚɥɢɫɬɢɱɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ 
ɦɧɨɝɨɞɢɫɰɢɩɥɢɧɚɪɧɨɝɨ ɚɧɚɥɢɡɚ ɤɨɧɫɬɪɭɤɰɢɢ [41]. 
 Ʉɨɦɩɚɧɢɹ ABAQUS ɩɨɞɞɟɪɠɢɜɚɟɬ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɛɟɫɩɥɚɬɧɨɣ 
ɭɧɢɜɟɪɫɢɬɟɬɫɤɨɣ ɜɟɪɫɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ABAQUS Student Edition ɫ 
ɨɝɪɚɧɢɱɟɧɢɟɦ ɞɨ 1000 ɲɬɭɤ ɤɨɥɢɱɟɫɬɜɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɭɡɥɨɜ ɜ ɫɟɬɤɟ. ȼ 
ɨɫɬɚɥɶɧɨɦ ɷɬɚ ɜɟɪɫɢɹ ɧɟ ɢɦɟɟɬ ɨɬɥɢɱɢɣ ɨɬ ɩɨɥɧɨɣ ɜɟɪɫɢɢ SIMULIA ABAQUS. 
SIMULIA ABAQUS ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɧɚɩɪɢɦɟɪ: 
- Ⱥɜɬɨɦɨɛɢɥɟɫɬɪɨɟɧɢɟ (BMW, Chrysler, Mercedes Benz, Porsche, Volvo); 
- Ɍɨɜɚɪɵ ɧɚɪɨɞɧɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ (3M, Kodak, Gillette/Braun); 
- ɗɥɟɤɬɪɨɧɢɤɚ (Intel, Hewlett-Packard, Motorola, IBM, Digital); 
- Ɇɟɬɚɥɥɭɪɝɢɹ (Alcoa, British Steel, Dow, Dupont, USX, ɇɨɜɨɤɪɚɦɚɬɨɪɫɤɢɣ 
ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɣ ɡɚɜɨɞ); 
- ɗɧɟɪɝɟɬɢɤɚ (ABB, AEA Technology, SIEMENS, EPRI, Ⱥɬɨɦɷɧɟɪɝɨɩɪɨɟɤɬ); 
- Ⱥɜɢɚɫɬɪɨɟɧɢɟ/ɨɛɨɪɨɧɚ (General Dynamics, US Navy, Rolls Royce, Boeing); 
- ɇɟɮɬɟɞɨɛɵɱɚ ɢ ɩɟɪɟɪɚɛɨɬɤɚ (Brown & Root, DNV, Exxon, Shell); 
- Ɉɛɳɚɹ ɦɟɯɚɧɢɤɚ ɢ ɝɟɨɦɟɯɚɧɢɤɚ (Geo Consult, ISMES, Sverdrup, T.Y. Lin). 
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ɋɪɟɞɢ ɜɭɡɨɜ, ɢɫɩɨɥɶɡɭɸɳɢɯ SIMULIA ABAQUS ɜ ɭɱɟɛɧɵɯ ɢ ɧɚɭɱɧɨ-
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɰɟɥɹɯ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɋɉɛȽɉɍ, ɆȼɌɍ ɢɦ. Ȼɚɭɦɚɧɚ, ɆɎɌɂ, 
ɉɟɪɦɫɤɢɣ Ƚɉɍ, ɘɠɧɵɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢ ɞɪ. 
Ɉɞɧɢɦ ɢɡ ɫɟɪɶɟɡɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ SIMULIA ABAQUS ɹɜɥɹɟɬɫɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɲɟɧɢɹ ɫɜɹɡɚɧɧɵɯ ɡɚɞɚɱ ɦɭɥɶɬɢɮɢɡɢɤɢ ɜ ɨɛɥɚɫɬɢ ɩɪɨɱɧɨɫɬɢ 
ɤɨɧɫɬɪɭɤɰɢɣ ɞɥɹ ɜɫɟɯ ɬɢɩɨɜ ɚɧɚɥɢɡɨɜ, ɬɚɤɢɯ ɤɚɤ: 
- ɬɟɩɥɨ – ɦɟɯɚɧɢɤɚ (ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ / ɩɨɥɧɨɫɬɶɸ ɫɨɩɪɹɠɟɧɧɨɟ ɪɟɲɟɧɢɟ); 
- ɬɟɩɥɨ – ɷɥɟɤɬɪɢɱɟɫɬɜɨ; 
- ɩɨɬɨɤ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ – ɦɟɯɚɧɢɤɚ; 
- ɧɚɩɪɹɠɟɧɢɹ – ɞɢɮɮɭɡɢɹ ɦɚɫɫɵ (ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɩɪɹɠɟɧɧɨɟ ɪɟɲɟɧɢɟ); 
- ɩɶɟɡɨɷɥɟɤɬɪɢɤɚ; 
- ɚɤɭɫɬɢɤɚ – ɜɢɛɪɚɰɢɢ. 
ɉɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ SIMULIA ABAQUS ɩɨɡɜɨɥɹɟɬ ɭɱɟɫɬɶ ɧɟɥɢɧɟɣɧɨɫɬɢ, 
ɤɚɤ ɮɢɡɢɱɟɫɤɢɟ, ɬɚɤ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ, ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɛɢɛɥɢɨɬɟɤɭ ɤɨɧɟɱɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɢ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɜɫɟɜɨɡɦɨɠɧɵɟ ɦɨɞɟɥɢ ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤɢɯ ɤɚɤ 
ɦɟɬɚɥɥɵ, ɛɟɬɨɧ, ɝɪɭɧɬɵ, ɷɥɚɫɬɨɦɟɪɵ, ɤɨɦɩɨɡɢɬɵ ɢ ɞɪ. [42] 
 
1.5.5. ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɉɅȺɋɌ 
 
 ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɉɅȺɋɌ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɟɲɟɧɢɹ ɥɢɧɟɣɧɵɯ, 
ɮɢɡɢɱɟɫɤɢ ɢɥɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɵɯ ɞɜɭɦɟɪɧɵɯ ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ ɡɚɞɚɱ 
ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɟɪɟɦɟɳɟɧɢɹɯ. ȼ ɤɚɱɟɫɬɜɟ ɨɩɪɟɞɟɥɹɸɳɢɯ 
ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɪɚɜɧɟɧɢɹ ɉɪɚɧɞɬɥɹ - Ɋɟɣɫɚ ɞɥɹ 
ɢɡɨɬɪɨɩɧɨɝɨ ɞɟɮɨɪɦɚɰɢɨɧɧɨ-ɭɩɪɨɱɧɹɸɳɟɝɨɫɹ ɦɚɬɟɪɢɚɥɚ ɫ ɭɫɥɨɜɢɟɦ ɬɟɤɭɱɟɫɬɢ 
Ɇɢɡɟɫɚ. ȼɨɡɦɨɠɟɧ ɪɚɫɱɟɬ ɜ ɨɫɟɫɢɦɦɟɬɪɢɱɧɨɣ ɢ ɩɥɨɫɤɨɣ ɩɨɫɬɚɧɨɜɤɟ (ɩɥɨɫɤɚɹ 
ɞɟɮɨɪɦɚɰɢɹ, ɩɥɨɫɤɨɟ ɧɚɩɪɹɠɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ). 
ɂɦɟɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɚɪɢɚɧɬɵ ɩɪɢɦɟɧɟɧɢɹ ɩɚɤɟɬɚ: 
• ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ; 
• ɪɚɫɱɟɬ ɞɟɬɚɥɟɣ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɩɪɨɱɧɨɫɬɶ; 
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• ɪɚɫɱɟɬ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɪɚɡɦɟɪɨɜ 
ɡɚɝɨɬɨɜɤɢ ɧɚ ɥɸɛɨɣ ɫɬɚɞɢɢ ɧɚɝɪɭɠɟɧɢɹ; 
• ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɢɥɢɹ ɪɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɩɪɨɱɧɨɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ; 
• ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ ɦɟɬɚɥɥɚ, ɧɚɤɨɩɥɟɧɧɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɢ ɨɫɬɚɬɨɱɧɨɣ ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ ɩɨɫɥɟ ɨɬɠɢɝɚ 
ɡɚɝɨɬɨɜɤɢ. 
ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɪɚɫɱɟɬɨɜ ɹɜɥɹɸɬɫɹ ɪɚɡɦɟɪɵ ɡɚɝɨɬɨɜɤɢ ɢ 
ɢɧɫɬɪɭɦɟɧɬɚ, ɩɪɟɞɫɬɚɜɥɹɟɦɵɟ ɜ ɤɨɨɪɞɢɧɚɬɧɨɣ ɮɨɪɦɟ, ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɢ ɨɩɢɫɚɧɢɟ 
ɩɪɨɰɟɫɫɚ. 
ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɬɪɟɛɭɟɬ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɪɚɛɨɱɢɯ ɮɚɣɥɨɜ 2050 
ɤȻɚɣɬ ɩɚɦɹɬɢ ɧɚ ɠɟɫɬɤɨɦ ɞɢɫɤɟ ɢ ɨɤɨɥɨ 200 ɤȻɚɣɬ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɩɨɫɬɚɧɨɜɤɢ 
ɡɚɞɚɱɢ ɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ. 
Ɉɛɳɢɣ ɩɨɪɹɞɨɤ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɚ ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɥɟɞɭɸɳɢɟ 
ɜɨɡɦɨɠɧɨɫɬɢ. Ⱦɟɮɨɪɦɢɪɭɟɦɨɟ ɬɟɥɨ ɦɨɠɟɬ ɫɨɫɬɨɹɬɶ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɫɨɟɞɢɧɟɧɧɵɯ ɩɨ ɨɛɳɢɦ ɝɪɚɧɢɰɚɦ ɛɟɡ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ ɢ 
ɨɛɥɚɞɚɸɳɢɯ ɪɚɡɧɵɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ 
ɡɚɞɚɸɬɫɹ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɨɛɴɺɦɧɵɦɢ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɫɢɥɚɦɢ, 
ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɫɢɥɚɦɢ, ɩɟɪɟɦɟɳɟɧɢɹɦɢ, ɭɫɥɨɜɢɹɦɢ ɬɪɟɧɢɹ. 
ɋɬɪɭɤɬɭɪɚ ɩɚɤɟɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɞɢɚɥɨɝɨɜɵɯ ɛɥɨɤɨɜ ɢ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɪɨɝɪɚɦɦ, ɫɜɹɡɶ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ 
ɨɛɳɢɯ ɢ ɥɢɱɧɵɯ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ, ɹɜɥɹɸɳɢɯɫɹ ɮɚɣɥɚɦɢ ɩɪɹɦɨɝɨ ɞɨɫɬɭɩɚ. 
Ⱦɢɚɥɨɝɨɜɵɟ ɛɥɨɤɢ ɪɟɚɥɢɡɭɸɬ ɫɟɪɜɢɫɧɵɟ ɮɭɧɤɰɢɢ ɤɨɦɩɥɟɤɫɚ ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɦɨɞɢɮɢɤɚɰɢɸ ɞɚɧɧɵɯ. Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɪɨɝɪɚɦɦɵ ɜɵɩɨɥɧɹɸɬɫɹ ɤɚɤ ɨɬɞɟɥɶɧɵɟ 
ɡɚɞɚɧɢɹ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. ɂɦɟɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɞɢɚɥɨɝɨɜɵɟ ɛɥɨɤɢ: ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɩɨɫɬɚɧɨɜɤɢ, ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɩɨɫɬɚɧɨɜɤɢ, 
ɩɨɞɝɨɬɨɜɤɢ ɤ ɫɱɟɬɭ, ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɫɱɟɬɚ, ɨɬɨɛɪɚɠɟɧɢɹ, ɦɨɞɢɮɢɤɚɰɢɢ ɮɚɣɥɚ 
ɜɟɳɟɫɬɜ. Ɋɚɡɥɢɱɚɸɬ ɧɚɛɨɪɵ ɞɚɧɧɵɯ: ɡɚɝɪɭɡɨɱɧɵɟ ɦɨɞɭɥɢ, ɫɩɪɚɜɨɱɧɢɤ, ɮɚɣɥ 
ɜɟɳɟɫɬɜ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɩɨɫɬɚɧɨɜɤɚ, ɧɚɛɨɪ ɞɚɧɧɵɯ ɡɚɩɢɫɟɣ. 
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ɂɦɟɸɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɪɨɝɪɚɦɦɵ ɫɨɡɞɚɧɢɹ ɢ ɦɨɞɢɮɢɤɚɰɢɹ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ, 
ɩɨɞɝɨɬɨɜɤɢ ɤ ɫɱɟɬɭ, ɫɱɟɬɚ, ɨɬɨɛɪɚɠɟɧɢɹ. 
 
1.6. ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 
ɇɚ ɨɫɧɨɜɟ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜɵɲɟ ɥɢɬɟɪɚɬɭɪɧɨɝɨ ɨɛɡɨɪɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 
1. Ɇɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ – ɷɬɨ ɧɚɢɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɦɟɬɨɞ, 
ɩɨɡɜɨɥɹɸɳɢɣ ɨɩɢɫɚɬɶ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɞɚɠɟ ɜ ɨɱɟɧɶ 
ɫɥɨɠɧɵɯ ɩɪɨɰɟɫɫɚɯ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ ɞɚɜɥɟɧɢɟɦ. Ʉ ɬɚɤɢɦ ɩɪɨɰɟɫɫɚɦ ɦɨɠɧɨ 
ɨɬɧɟɫɬɢ ɦɧɨɝɨɤɚɧɚɥɶɧɭɸ ɲɬɚɦɩɨɜɤɭ ɫ ɨɱɚɝɨɦ ɞɟɮɨɪɦɚɰɢɢ ɫɥɨɠɧɨɣ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɢ ɝɨɪɹɱɭɸ ɜɵɬɹɠɤɭ ɫ ɧɟɩɪɟɪɵɜɧɨ ɢɡɦɟɧɹɸɳɢɦɢ ɮɢɡɢɱɟɫɤɢɦɢ 
ɭɫɥɨɜɢɹɦɢ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ. ɉɨɷɬɨɦɭ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ ɉɅȺɋɌ, DEFORM, QFORM, PAM-STAMP, ABAQUS 
ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɲɬɚɦɩɨɜɤɢ ɹɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ. 
2. ɉɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢɪɢɞɢɹ 
ɨɫɧɨɜɚɧɵ ɧɚ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɪɚɫɬɹɠɟɧɢɟ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɦɚɥɨɣ ɞɟɮɨɪɦɚɰɢɟɣ (ɧɟ ɛɨɥɟɟ 15-20 %). Ⱦɚɧɧɵɯ ɩɨ ɭɩɪɨɱɧɟɧɢɸ ɢɪɢɞɢɹ ɩɪɢ 
ɜɵɫɨɤɢɯ ɫɬɟɩɟɧɹɯ ɞɟɮɨɪɦɚɰɢɢ, ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɛɨɥɶɲɢɯ ɫɤɨɪɨɫɬɹɯ 
ɞɟɮɨɪɦɚɰɢɢ, ɬ.ɟ. ɩɪɢ ɩɚɪɚɦɟɬɪɚɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɨɰɟɫɫɚɦ ɲɬɚɦɩɨɜɤɢ ɢ 
ɩɪɟɫɫɨɜɚɧɢɹ, ɜ ɥɢɬɟɪɚɬɭɪɟ ɧɟ ɨɛɧɚɪɭɠɟɧɨ. 
3. Ⱦɥɹ ɩɥɚɬɢɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɢɫɩɟɪɫɧɨ-ɭɩɪɨɱɧɟɧɧɵɯ, ɬɚɤɠɟ 
ɨɬɫɭɬɫɬɜɭɟɬ ɢɧɮɨɪɦɚɰɢɹ ɨ ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɹ ɨɬ ɫɬɟɩɟɧɢ 
ɞɟɮɨɪɦɚɰɢɢ. ɗɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɚɧɚɥɢɡɚ ɩɪɨɰɟɫɫɚ ɲɬɚɦɩɨɜɤɢ ɞɧɚ 
ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɫ ɩɨɦɨɳɶɸ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
4. Ɏɨɪɦɨɜɚɧɢɟ ɜɵɫɬɭɩɨɜ ɦɟɬɚɥɥɚ ɧɚ ɡɚɝɨɬɨɜɤɟ ɩɭɬɟɦ ɨɛɠɢɦɚ ɡɚɝɨɬɨɜɤɢ 
ɩɭɚɧɫɨɧɨɦ ɫɩɟɰɢɚɥɶɧɨɣ ɮɨɪɦɵ ɧɚ ɦɚɫɫɢɜɧɨɣ ɦɚɬɪɢɰɟ ɫ ɨɬɜɟɪɫɬɢɹɦɢ ɹɜɥɹɟɬɫɹ 
ɧɚɢɛɨɥɟɟ ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ ɢ ɧɚɢɦɟɧɟɟ ɡɚɬɪɚɬɧɵɦ ɩɪɨɰɟɫɫɨɦ ɲɬɚɦɩɨɜɤɢ ɞɧɚ 
ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɢɡ ɩɥɚɬɢɧɨɜɨɝɨ ɫɩɥɚɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɚɦɢ. 
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Ɉɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɹɜɢɬɶ ɢ ɭɫɬɪɚɧɢɬɶ ɩɪɢɱɢɧɵ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɞɟɮɟɤɬɨɜ ɧɚ 
ɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɢɡɝɨɬɚɜɥɢɜɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ. 
5. ȼ ɦɢɪɨɜɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɪɚɤɬɢɤɟ ɨɬɫɭɬɫɬɜɭɟɬ ɬɟɯɧɨɥɨɝɢɹ 
ɲɬɚɦɩɨɜɤɢ ɢɪɢɞɢɟɜɵɯ ɬɢɝɥɟɣ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɨɥɭɱɚɬɶ ɢɡɞɟɥɢɹ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ. 
Ɋɚɡɪɚɛɨɬɤɚ ɩɨɞɨɛɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫɬɚɥɚ ɛɵ ɩɪɨɪɵɜɨɦ ɜ ɨɛɥɚɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɢɡɞɟɥɢɣ ɢɡ ɢɪɢɞɢɹ, ɚ ɬɚɤɠɟ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɤɫɢɞɧɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ. 
ȼ ɫɜɹɡɢ ɫ ɜɵɲɟɢɡɥɨɠɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ, ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ 
ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɰɟɫɫɨɜ ɥɢɫɬɨɜɨɣ 
ɲɬɚɦɩɨɜɤɢ ɡɚɝɨɬɨɜɨɤ ɢɡ ɢɪɢɞɢɹ ɢ ɫɩɥɚɜɨɜ ɩɥɚɬɢɧɵ. 
Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɞɚɧɧɨɣ ɰɟɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  
 ɢɡɭɱɢɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ ɫɩɥɚɜɨɜ ɩɥɚɬɢɧɵ ɜ ɯɨɥɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ, ɚ ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɨɝɨ ɢɪɢɞɢɹ – ɜ ɝɨɪɹɱɟɦ ɫɨɫɬɨɹɧɢɢ; 
 ɩɨɫɬɚɜɢɬɶ ɢ ɪɟɲɢɬɶ ɤɪɚɟɜɭɸ ɡɚɞɚɱɭ ɲɬɚɦɩɨɜɤɢ ɞɧɚ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ 
ɚɝɪɟɝɚɬɚ ɢ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨ ɤɨɪɪɟɤɬɧɨɫɬɢ ɩɪɢɟɦɨɜ ɢ ɩɚɪɚɦɟɬɪɨɜ ɲɬɚɦɩɨɜɤɢ; 
 ɩɨɫɬɚɜɢɬɶ ɢ ɪɟɲɢɬɶ ɤɪɚɟɜɭɸ ɡɚɞɚɱɭ ɲɬɚɦɩɨɜɤɢ ɡɚɝɨɬɨɜɤɢ ɬɢɝɥɹ ɢɡ ɢɪɢɞɢɹ ɢ 
ɩɨɞɨɛɪɚɬɶ ɪɚɰɢɨɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɟɮɨɪɦɚɰɢɢ.  
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2. ɂɁɍɑȿɇɂȿ ɌȿɏɇɈɅɈȽɂɑȿɋɄɂɏ ɋȼɈɃɋɌȼ  
ɋɉɅȺȼɈȼ ɉɅȺɌɂɇɕ ɂ ɂɊɂȾɂə 
 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɢɪɢɞɢɹ ɢ ɫɩɥɚɜɨɜ ɩɥɚɬɢɧɵ ɢɡɭɱɟɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨ. ȼ ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɨɦ 
ɫɩɪɚɜɨɱɧɢɤɟ Д43] ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɩɥɚɜɨɜ ɫɟɪɟɛɪɚ ɢ ɡɨɥɨɬɚ, ɞɚɧɧɵɟ ɩɨ ɢɪɢɞɢɸ ɢ 
ɫɩɥɚɜɚɦ ɩɥɚɬɢɧɵ ɧɟ ɩɪɟɞɫɬɚɜɥɟɧɵ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ ɱɢɫɬɨɣ ɩɥɚɬɢɧɵ ɜ 
ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɢ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɨɬɨɛɪɚɠɟɧɨ ɜ ɫɬɚɬɶɹɯ Д44, 45], 
ɞɥɹ ɩɥɚɬɢɧɨɪɨɞɢɟɜɨɝɨ ɫɩɥɚɜɚ – ɜ ɩɭɛɥɢɤɚɰɢɢ Д46Ж. ȼ ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ 
ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɪɢɞɢɹ, ɩɥɚɬɢɧɵ ɢ ɟɟ ɫɩɥɚɜɨɜ ɱɚɳɟ ɜɫɟɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɭɩɪɨɳɟɧɧɨɦ ɜɢɞɟ, ɧɚɩɪɢɦɟɪ, ɜ ɜɢɞɟ ɡɧɚɱɟɧɢɣ ɬɜɟɪɞɨɫɬɢ [47, 48Ж.  ȼɦɟɫɬɟ ɫ ɬɟɦ, ɜ 
ɫɜɹɡɢ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɢ ɩɨɜɫɟɦɟɫɬɧɵɦ ɜɧɟɞɪɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɞɚɜɥɟɧɢɟɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɲɬɚɦɩɨɜɤɢ, 
ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɧɢɟ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɤɨɧɤɪɟɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  
 
2.1. ɉɨɫɬɪɨɟɧɢɟ ɤɪɢɜɵɯ ɭɩɪɨɱɧɟɧɢɹ ɫɩɥɚɜɚ ɉɥɉɞɊɞɊɭ81-15-3,5-0,5 
 
ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ ɦɟɬɨɞɚ ɢɫɩɵɬɚɧɢɣ ɩɪɢɦɟɧɟɧɨ ɪɚɫɬɹɠɟɧɢɟ ɩɪɨɜɨɥɨɤɢ ɩɨ 
ȽɈɋɌ 1044θ-80 [49Ж ɧɚ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɦɚɲɢɧɟ IЧЬЭЫШЧ - 33θ5, ɧɨ ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɭɤɚɡɚɧɢɣ ɫɬɚɧɞɚɪɬɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɩɪɢɦɟɧɹɥɢ ɦɟɬɨɞɢɤɭ 
ɩɟɪɟɫɱɟɬɚ ɭɫɥɨɜɧɵɯ ɧɚɩɪɹɠɟɧɢɢ ɢ ɞɟɮɨɪɦɚɰɢɣ ɜ ɢɫɬɢɧɧɵɟ ɡɧɚɱɟɧɢɹ. ɋɨɞɟɪɠɚɧɢɟ 
ɷɥɟɦɟɧɬɨɜ ɜ ɫɩɥɚɜɟ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ ȽɈɋɌ 13498-2010 [50Ж, ɦɚɫ. %: ɩɥɚɬɢɧɚ 
80,3…81,ι, ɩɚɥɥɚɞɢɣ 14,5…15,5,  ɪɨɞɢɣ 3,1…3,9, ɪɭɬɟɧɢɣ 0,2…0,8. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɹɥɢ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɈȺɈ 
«ȿɤɚɬɟɪɢɧɛɭɪɝɫɤɢɣ ɡɚɜɨɞ ɈɐɆ», ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɨɥɨɱɟɧɢɹ ɩɪɢɦɟɧɹɥɢ 
ɦɚɪɲɪɭɬɵ ɨɛɪɚɛɨɬɤɢ ɷɬɨɝɨ ɠɟ ɩɪɟɞɩɪɢɹɬɢɹ. Ʉɚɤ ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɜ ɩɟɪɜɢɱɧɵɯ 
ɨɩɵɬɚɯ, ɢɫɫɥɟɞɭɟɦɵɣ ɫɩɥɚɜ ɉɥɉɞɊɞɊɭ 81-15-3,5-0,5 ɨɛɥɚɞɚɟɬ ɧɟɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ 
ɩɥɚɫɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ ɠɟɥɚɬɟɥɶɧɨ ɨɩɢɫɚɬɶ ɜ 
ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɞɟɮɨɪɦɚɰɢɣ. ɉɨɷɬɨɦɭ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɟɬɨɞɢɤɚ, 
ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɜɭɯ ɷɬɚɩɨɜ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɨɛɪɚɛɚɬɵɜɚɥɢ ɞɢɚɝɪɚɦɦɭ ɧɚɝɪɭɠɟɧɢɹ, 
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ɤɨɬɨɪɚɹ ɛɵɥɚ ɡɚɩɢɫɚɧɚ ɫɢɫɬɟɦɨɣ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ BХЮОСТХХ δТЭО ɫ ɭɫɬɚɧɨɜɥɟɧɢɟɦ ɫɜɹɡɢ ɦɟɠɞɭ ɢɫɬɢɧɧɵɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ 
ɢ ɞɟɮɨɪɦɚɰɢɹɦɢ. ɗɬɨ ɩɨɡɜɨɥɹɥɨ ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɜ ɞɢɚɩɚɡɨɧɟ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɭɞɥɢɧɟɧɢɣ, ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɧɚɱɚɥɭ ɨɛɪɚɡɨɜɚɧɢɹ ɲɟɣɤɢ, ɬ.ɟ. ɞɨ 
ɨɤɨɧɱɚɧɢɹ ɪɟɠɢɦɚ ɨɞɧɨɨɫɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ.    
 ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɨɛɪɚɡɰɨɜ ɞɥɹ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɢɫɩɵɬɚɧɢɣ ɨɬɨɛɪɚɥɢ 
ɨɬɪɟɡɤɢ ɩɪɨɜɨɥɨɤɢ ɜ ɨɬɨɠɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɨɬɠɢɝ ɜ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɟ ɜ ɬɟɱɟɧɢɟ 
30 ɦɢɧɭɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1000 ºɋ) ɞɢɚɦɟɬɪɨɦ d0 = 1,21 ɦɦ ɫ ɪɚɛɨɱɟɣ ɞɥɢɧɨɣ 
ɨɛɪɚɡɰɨɜ l0 = 100 ɦɦ. ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɡɚɯɜɚɬɨɜ ɧɚ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɦɚɲɢɧɟ 
ɧɚɡɧɚɱɢɥɢ 50 ɦɦ/ɦɢɧ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ 0,008 ɫ-1 ɜ ɧɚɱɚɥɟ 
ɢɫɩɵɬɚɧɢɹ ɢ 0,010 ɫ-1 ɜ ɦɨɦɟɧɬ ɪɚɡɪɵɜɚ ɨɛɪɚɡɰɚ.  
Ɂɚɩɢɫɶ ɩɚɪɚɦɟɬɪɨɜ ɢɫɩɵɬɚɧɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɮɢɤɫɚɰɢɸ ɭɞɥɢɧɟɧɢɹ 
ɨɛɪɚɡɰɚ   li, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɢɡ ɭɫɥɨɜɢɹ ɩɨɫɬɨɹɧɫɬɜɚ ɨɛɴɟɦɨɜ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɬɟɤɭɳɢɣ ɞɢɚɦɟɬɪ ɩɨ ɮɨɪɦɭɥɟ      √           . ɉɨ 
ɡɚɮɢɤɫɢɪɨɜɚɧɧɨɣ ɫɢɥɟ ɞɟɮɨɪɦɚɰɢɢ P ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɭɫɥɨɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ              . ɉɨɫɥɟ ɪɚɫɬɹɠɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɥɢ ɡɚɩɢɫɚɧɧɭɸ ɞɢɚɝɪɚɦɦɭ ɫ 
ɜɜɟɞɟɧɢɟɦ ɫɥɟɞɭɸɳɢɯ ɨɛɨɡɧɚɱɟɧɢɣ: ɫɬɟɩɟɧɶ ɞɟɮɨɪɦɚɰɢɢ 
 
ε = 2 ln(d0 / di)      (2.1) 
 
 ɢ ɢɫɬɢɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ               .       (2.2) 
 
Ⱦɢɚɝɪɚɦɦɚ ɭɫɥɨɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.1. 
 ɂɡ ɩɪɢɜɟɞɟɧɧɨɣ ɞɢɚɝɪɚɦɦɵ, ɜ ɱɚɫɬɧɨɫɬɢ ɜɢɞɧɨ, ɱɬɨ ɜɪɟɦɟɧɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɩɥɚɜɚ ɫɨɫɬɚɜɢɥɨ 300 Ɇɉɚ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɢɫɤɥɸɱɚɥɢ ɢɡ 
ɪɚɫɫɦɨɬɪɟɧɢɹ ɭɱɚɫɬɨɤ ɧɟɨɞɧɨɪɨɞɧɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɛɨɥɟɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ 
ɭɞɥɢɧɟɧɢɹ 12%), ɭɱɚɫɬɨɤ ɭɩɪɭɝɨɝɨ ɧɚɝɪɭɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɜɨɞɢɥɢ ɤ 
ɢɫɬɢɧɧɵɦ ɡɧɚɱɟɧɢɹɦ, ɢɡ ɞɟɮɨɪɦɚɰɢɣ ɜɵɱɢɬɚɥɢ ɭɩɪɭɝɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ, ɜ 
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ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɥɢ ɤɪɢɜɭɸ ɭɩɪɨɱɧɟɧɢɹ ɫɩɥɚɜɚ ɩɪɢ ɦɚɥɵɯ ɞɟɮɨɪɦɚɰɢɹɯ, 
ɨɬɨɛɪɚɠɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 2.2. Ⱥɧɚɥɨɝɢɱɧɵɟ ɞɚɧɧɵɟ ɩɪɢ ɪɚɡɛɪɨɫɟ ɞɨ 5% 
ɩɨɥɭɱɢɥɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɬɪɟɯ ɢɫɩɵɬɚɧɢɣ. 
 
Ɋɢɫɭɧɨɤ 2.1 – Ⱦɢɚɝɪɚɦɦɚ ɭɫɥɨɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɫɩɥɚɜɚ ɉɥɉɞɊɞɊɭ 
81-15-3,5-0,5 
 
Ɋɢɫɭɧɨɤ 2.2 – Ʉɪɢɜɚɹ ɭɩɪɨɱɧɟɧɢɹ ɫɩɥɚɜɚ ɉɥɉɞɊɞɊɭ 81-15-3,5-0,5 ɩɪɢ ɦɚɥɵɯ 
ɞɟɮɨɪɦɚɰɢɹɯ 
 
 ȼɬɨɪɨɣ ɷɬɚɩ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɧɨɜɚɧ ɧɚ ɨɩɪɟɞɟɥɟɧɢɢ ɭɫɥɨɜɧɨɝɨ ɩɪɟɞɟɥɚ 
ɬɟɤɭɱɟɫɬɢ 0,2, ɤɚɤ ɧɚɩɪɹɠɟɧɢɹ, ɩɟɪɟɜɨɞɹɳɟɝɨ ɦɟɬɚɥɥ ɢɡ ɫɨɫɬɨɹɧɢɹ ɭɩɪɭɝɨɫɬɢ ɜ 
ɫɨɫɬɨɹɧɢɟ ɩɥɚɫɬɢɱɧɨɫɬɢ ɜ ɫɯɟɦɟ ɨɞɧɨɨɫɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ, ɬɟɦ ɫɚɦɵɦ 
ɩɪɢɛɥɢɠɟɧɧɨɦɭ ɤ ɩɨɧɹɬɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ [51]. ȼ ɨɩɵɬɚɯ ɦɟɬɨɞɨɦ 
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ɜɨɥɨɱɟɧɢɹ ɫɬɭɩɟɧɱɚɬɨ ɭɦɟɧɶɲɚɥɢ ɞɢɚɦɟɬɪ ɩɪɨɜɨɥɨɤɢ ɫ ɨɬɛɨɪɨɦ ɨɛɪɚɡɰɨɜ ɧɚ 
ɞɢɚɦɟɬɪɚɯ 1,21 - 0,99 - 0,82 - 0,67 - 0,51 ɦɦ (ɪɢɫɭɧɨɤ 2.3). ɉɨɥɭɱɟɧɧɭɸ ɫɬɟɩɟɧɶ 
ɞɟɮɨɪɦɚɰɢɢ ɨɰɟɧɢɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ (2.1), ɬɟɦ ɫɚɦɵɦ ɩɨɥɭɱɢɥɢ ɫɥɟɞɭɸɳɢɟ 
ɡɧɚɱɟɧɢɹ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ: 0; 0,401; 0,ιι8; 1,182; 1,ι28, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɭɞɥɢɧɟɧɢɹɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 33%, 54%, 69%, 82 %. Ɂɞɟɫɶ ɜɢɞɧɨ, 
ɱɬɨ ɜɨɥɨɱɟɧɢɟɦ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɫɬɟɩɟɧɢ ɧɚɝɚɪɬɨɜɤɢ, ɱɟɦ ɩɪɢ 
ɪɚɫɬɹɠɟɧɢɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɫɲɢɪɢɬɶ ɞɢɚɩɚɡɨɧ ɞɟɮɨɪɦɚɰɢɣ. ɉɪɢ ɤɚɠɞɨɣ ɫɬɟɩɟɧɢ 
ɞɟɮɨɪɦɚɰɢɢ ɛɵɥɨ ɨɬɨɛɪɚɧɨ ɩɨ 5 ɨɛɪɚɡɰɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɢɡɦɟɪɟɧɵ ɡɧɚɱɟɧɢɹ 
ɭɫɥɨɜɧɨɝɨ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ. 
 
 
Ɋɢɫɭɧɨɤ 2.3 – Ɏɨɬɨ ɩɪɨɜɨɥɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɉɥɉɞɊɞɊɭ 81-15-3,5-0,5 
ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɹ 
 
ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɨɛɨɛɳɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.4 ɧɚɧɟɫɟɧɢɟɦ ɧɚ ɝɪɚɮɢɤ 
ɪɟɡɭɥɶɬɚɬɨɜ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɷɬɚɩɨɜ ɢɫɩɵɬɚɧɢɣ. 
Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɛɨɥɶɲɢɯ ɞɟɮɨɪɦɚɰɢɹɯ ɤɪɢɜɚɹ ɭɩɪɨɱɧɟɧɢɹ ɢɦɟɟɬ 
ɜɨɡɪɚɫɬɚɸɳɢɣ ɯɚɪɚɤɬɟɪ, ɞɨɫɬɢɝɚɹ ɡɧɚɱɟɧɢɹ 520 Ɇɉɚ, ɧɨ ɧɚɛɥɸɞɚɟɬɫɹ 
ɧɟɦɨɧɨɬɨɧɧɨɫɬɶ ɩɨɜɟɞɟɧɢɹ ɝɪɚɮɢɤɚ. ɗɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɩɪɢ 
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ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɚ ɧɚɝɚɪɬɨɜɤɢ ɦɟɬɚɥɥɚ ɫɩɨɫɨɛɚ ɜɨɥɨɱɟɧɢɹ ɩɪɢ 
ɩɨɞɫɱɟɬɟ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɞɜɢɝɢ, ɜɧɨɫɢɦɵɟ 
ɮɨɪɦɨɣ ɜɨɥɨɱɢɥɶɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ (ɭɝɨɥ ɪɚɛɨɱɟɝɨ ɤɨɧɭɫɚ ɢ ɞɥɢɧɚ ɤɚɥɢɛɪɭɸɳɟɝɨ 
ɩɨɹɫɤɚ), ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɡɧɨɣ ɢɡ-ɡɚ 
ɢɡɧɨɫɚ, ɭɫɥɨɜɢɣ ɪɟɫɬɚɜɪɚɰɢɢ ɢ ɬ.ɞ. 
 
Ɋɢɫɭɧɨɤ 2.4 – Ʉɪɢɜɚɹ ɭɩɪɨɱɧɟɧɢɹ ɫɩɥɚɜɚ ɉɥɉɞɊɞɊɭ 81-15-3,5-0,5 ɩɪɢ ɛɨɥɶɲɢɯ 
ɞɟɮɨɪɦɚɰɢɹɯ: ɬɨɱɤɢ – ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ, ɥɢɧɢɹ – ɩɨ ɭɪɚɜɧɟɧɢɸ ɪɟɝɪɟɫɫɢɢ 
     
ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ s ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ 
ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɩɨ ɜɫɟɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɬɟɩɟɧɟɣ ɞɟɮɨɪɦɚɰɢɢ 
(0…1,ι) ɭɪɚɜɧɟɧɢɟɦ ɪɟɝɪɟɫɫɢɢ ɜɢɞɚ                 . Ɇɚɤɫɢɦɚɥɶɧɨɟ 
ɨɬɤɥɨɧɟɧɢɟ ɨɩɵɬɧɵɯ ɢ ɪɚɫɱɟɬɧɵɯ ɞɚɧɧɵɯ ɫɨɫɬɚɜɢɥɨ 4,9% ɜ ɨɛɥɚɫɬɢ ɫɬɟɩɟɧɢ 
ɞɟɮɨɪɦɚɰɢɢ 1,182. 
 
2.2. ɉɨɫɬɪɨɟɧɢɟ ɤɪɢɜɵɯ ɭɩɪɨɱɧɟɧɢɹ ɫɩɥɚɜɨɜ ɉɥɊɞ-10 ɢ ɉɥɊɞ-10ȾУ 
 
ɉɨ ɨɩɢɫɚɧɧɨɣ ɜɵɲɟ ɦɟɬɨɞɢɤɟ ɩɨɥɭɱɟɧɵ ɤɪɢɜɵɟ ɭɩɪɨɱɧɟɧɢɹ ɞɥɹ ɫɩɥɚɜɨɜ 
ɉɥɊɞ-10 [52] ɢ ɉɥɊɞ-10Ⱦɍ. ɉɪɢ ɷɬɨɦ ɨɝɪɚɧɢɱɢɥɢɫɶ ɪɚɫɬɹɠɟɧɢɟɦ ɨɛɪɚɡɰɨɜ ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɛɪɚɛɨɬɤɨɣ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ. ɇɚ ɪɢɫɭɧɤɟ 2.5 ɨɬɨɛɪɚɠɟɧɚ 
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ɞɢɚɝɪɚɦɦɚ ɭɫɥɨɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɮɭɧɤɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɞɥɹ 
ɫɩɥɚɜɚ ɉɥɊɞ-10, ɚ ɧɚ ɪɢɫɭɧɤɟ 2.6 – ɞɥɹ ɫɩɥɚɜɚ ɉɥɊɞ-10Ⱦɍ.  
 
Ɋɢɫɭɧɨɤ 2.5 – Ⱦɢɚɝɪɚɦɦɚ ɭɫɥɨɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɮɭɧɤɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ 
ɭɞɥɢɧɟɧɢɹ ɞɥɹ ɫɩɥɚɜɚ ɉɥɊɞ-10 
  
Ɋɢɫɭɧɨɤ 2.6 – Ⱦɢɚɝɪɚɦɦɚ ɭɫɥɨɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɮɭɧɤɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ 
ɭɞɥɢɧɟɧɢɹ ɞɥɹ ɫɩɥɚɜɚ ɉɥɊɞ-10Ⱦɍ 
 
ɉɨɥɭɱɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɧɟ ɜɨ ɜɫɟɦ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ ɞɪɭɝɢɯ 
ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. ɇɚɩɪɢɦɟɪ, ɜ ɫɩɪɚɜɨɱɧɨɣ ɛɚɡɟ ɞɚɧɧɵɯ PGM (Platinum Group 
Metals) Database, ɩɨɞɞɟɪɠɢɜɚɟɦɨɣ ɤɨɦɩɚɧɢɟɣ Johnson Matthey Public Limited 
Company [53], ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɫɩɥɚɜɚ ɞɨɥɠɧɨ ɫɨɫɬɚɜɥɹɬɶ 32…39%, ɚ 
ɜɪɟɦɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɡɪɵɜɭ 281,5…317,2 Ɇɉɚ. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɩɪɢ ɪɚɡɪɵɜɟ 24% ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɡɚɧɢɠɟɧɧɵɦ, ɚ 
ɜɪɟɦɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 322 Ɇɉɚ ɩɪɢɛɥɢɠɟɧɧɵɦ ɤ ɜɟɪɯɧɟɦɭ ɩɪɟɞɟɥɭ. ȼ 
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ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɛɚɡɨɣ ɞɚɧɧɵɯ MatWeb [6] ɜɪɟɦɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɩɥɚɜɚ 
ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɜɧɨ 310 Ɇɉɚ. ɗɬɨ ɦɨɠɟɬ ɝɨɜɨɪɢɬɶ ɨ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɫɬɟɩɟɧɢ 
ɨɬɠɢɝɚ ɫɩɥɚɜɚ ɢɥɢ ɜɥɢɹɧɢɢ ɩɨɜɵɲɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɩɪɢɦɟɫɟɣ. ɂɡ ɭɩɨɦɹɧɭɬɨɣ 
ɛɚɡɵ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɭɫɥɨɜɧɵɣ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɞɢɫɩɟɪɫɧɨ-ɭɩɪɨɱɧɟɧɧɨɝɨ 
ɫɩɥɚɜɚ ɪɚɜɟɧ 243 Ɇɉɚ. 
ȼ ɱɚɫɬɧɨɫɬɢ, ɢɡ ɞɢɚɝɪɚɦɦ ɜɢɞɧɨ, ɱɬɨ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɞɨ ɪɚɡɪɵɜɚ 
ɫɩɥɚɜɚ ɉɥɊɞ-10 ɫɨɫɬɚɜɢɥɨ 24% ɩɪɨɬɢɜ 22 % ɞɥɹ ɫɩɥɚɜɚ ɉɥɊɞ-10Ⱦɍ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ 
ɛɨɥɟɟ ɧɢɡɤɢɯ ɩɥɚɫɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɫɩɥɚɜɨɜ ɫ ɞɢɫɩɟɪɫɧɵɦ ɭɩɪɨɱɧɟɧɢɟɦ. ɉɪɢ 
ɷɬɨɦ ɜɪɟɦɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɨ ɪɚɡɪɵɜɚ ɭ ɞɢɫɩɟɪɫɧɨ-ɭɩɪɨɱɧɟɧɧɨɝɨ ɫɩɥɚɜɚ 
ɫɨɫɬɚɜɢɥɨ 405 Ɇɉɚ ɩɪɨɬɢɜ 322 Ɇɉɚ (ɪɚɡɧɢɰɚ 2θ%), ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 
ɭɩɪɨɱɧɹɸɳɢɦ ɷɮɮɟɤɬɨɦ ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ.  
ɉɨɤɚɡɚɬɟɥɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɢ ɭɫɥɨɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɧɭɠɧɵ ɞɥɹ 
ɚɧɚɥɢɡɚ ɫɬɚɧɞɚɪɬɧɵɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ, ɧɨ ɨɧɢ ɧɟ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɦɟɯɚɧɢɤɟ 
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ, ɩɨɷɬɨɦɭ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɥɭɱɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 
ɩɟɪɟɫɱɢɬɚɧɵ ɧɚ ɢɫɬɢɧɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫ ɩɨɫɬɪɨɟɧɢɟɦ ɤɪɢɜɵɯ 
ɭɩɪɨɱɧɟɧɢɹ (ɪɢɫɭɧɨɤ 2.ι). 
 
   ɚ       ɛ 
Ɋɢɫɭɧɨɤ 2.7 – Ʉɪɢɜɵɟ ɭɩɪɨɱɧɟɧɢɹ ɞɥɹ ɫɩɥɚɜɨɜ ɉɥɊɞ-10 (ɚ) ɢ ɉɥɊɞ-10Ⱦɍ(ɛ): 
ɬɨɱɤɢ – ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ, ɥɢɧɢɢ – ɩɨ ɭɪɚɜɧɟɧɢɸ ɪɟɝɪɟɫɫɢɢ 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɨɜ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ ɫɩɥɚɜɚ ɉɥɊɞ-10Ⱦɍ 
ɨɤɚɡɵɜɚɟɬɫɹ  ɜɵɲɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɫɩɥɚɜɚ ɉɥɊɞ-10, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 
ɷɮɮɟɤɬɨɦ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ 0,1 
ɞɥɹ  ɉɥɊɞ-10Ⱦɍ s = 440 Ɇɉɚ, ɚ ɞɥɹ ɉɥɊɞ-10 s = 345 Ɇɉɚ, ɱɬɨ ɧɚ 28% ɜɵɲɟ.  
ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ 
ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɫ ɩɨɥɭɱɟɧɢɟɦ ɫɥɟɞɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣ ɪɟɝɪɟɫɫɢɢ: 
ɞɥɹ ɫɩɥɚɜɚ ɉɥɊɞ-10                   , 
ɞɥɹ ɫɩɥɚɜɚ ɉɥɊɞ-10Ⱦɍ                   . 
ȼ ɷɬɢɯ ɮɨɪɦɭɥɚɯ ɜɫɟ ɬɪɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɞɥɹ ɫɩɥɚɜɚ 
ɉɥɊɞ-10Ⱦɍ ɨɤɚɡɵɜɚɸɬɫɹ ɜɵɲɟ, ɱɟɦ ɚɧɚɥɨɝɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɫɩɥɚɜɚ ɉɥɊɞ-10, 
ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɫɩɥɚɜ ɉɥɊɞ-10Ⱦɍ ɧɟ ɬɨɥɶɤɨ ɩɪɨɱɧɟɟ ɜ ɢɫɯɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ, ɧɨ ɢ ɩɨɞɜɟɪɝɚɟɬɫɹ ɛɨɥɶɲɟɦɭ ɭɩɪɨɱɧɟɧɢɸ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɥɚɫɬɢɱɟɫɤɨɣ 
ɞɟɮɨɪɦɚɰɢɢ. 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɨɩɵɬɧɵɯ ɬɨɱɟɤ ɢ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ 
ɧɚ ɝɪɚɮɢɤɚɯ ɪɢɫɭɧɤɚ 2.θ, ɪɚɫɯɨɠɞɟɧɢɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵ. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ 
ɧɟ ɩɪɟɜɵɲɚɸɬ 2%, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɯɨɪɨɲɟɣ ɫɯɨɞɢɦɨɫɬɢ ɨɩɵɬɧɵɯ ɢ ɪɚɫɱɟɬɧɵɯ 
ɞɚɧɧɵɯ.   
 
2.3. Ƚɨɪɹɱɢɟ ɩɥɚɫɬɨɦɟɬɪɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɢɪɢɞɢɹ И99,9 
 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɨɛɪɚɡɰɨɜ ɢɡ 
ɢɪɢɞɢɹ ɜɵɩɨɥɧɹɥɨɫɶ ɩɭɬɟɦ ɢɯ ɨɫɚɞɤɢ ɧɚ ɩɥɚɫɬɨɦɟɬɪɟ ɤɭɥɚɱɤɨɜɨɝɨ ɬɢɩɚ, 
ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɜ ɂɧɫɬɢɬɭɬɟ ɦɚɲɢɧɨɜɟɞɟɧɢɹ ɍɪɈ ɊȺɇ (ɪɢɫɭɧɨɤ 2.8). Ɇɟɬɨɞɢɤɚ 
ɢɫɩɵɬɚɧɢɣ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɚ ɜ ɪɚɛɨɬɟ Д54]. 
ɇɚ ɟɝɨ ɨɫɧɨɜɟ ɫɨɡɞɚɧ ɩɥɚɫɬɨɦɟɬɪɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ 
ɜɯɨɞɹɬ ɬɚɤɠɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɷɥɟɤɬɪɨɩɟɱɶ, ɫɢɫɬɟɦɚ ɫɛɨɪɚ ɢ ɨɛɪɚɛɨɬɤɢ 
ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɛɚɡɟ ɉɗȼɆ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɚɬɱɢɤɨɜ ɫɢɥɵ (ɦɟɫɞɨɡɵ ɫ 
ɬɟɧɡɨɪɟɡɢɫɬɨɪɚɦɢ), ɜɟɥɢɱɢɧɵ ɨɫɚɞɤɢ (ɯɨɞɨɦɟɪɚ ɞɥɹ ɩɨɥɡɭɧɚ), ɱɚɫɬɨɬɵ ɢ ɭɝɥɚ 
ɩɨɜɨɪɨɬɚ ɤɭɥɚɱɤɨɜɨɝɨ ɜɚɥɚ, ɤɨɦɚɧɞɧɵɯ ɤɥɸɱɟɜɵɯ ɞɚɬɱɢɤɨɜ, ɚ ɬɚɤɠɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɨɫɧɚɫɬɤɚ ɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɣ 
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ɨɫɚɞɤɢ ɢ ɫɯɟɦɵ ɥɢɧɟɣɧɨɝɨ ɨɞɧɨɨɫɧɨɝɨ ɫɠɚɬɢɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɦɚɡɤɚ ɜ ɜɢɞɟ 
ɦɨɥɨɬɨɝɨ ɫɬɟɤɥɚ.  
Ⱦɥɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɨɫɚɞɤɭ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ 
(ɪɢɫɭɧɨɤ 2.9) ɢɡ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɢɪɢɞɢɹ ɦɚɪɤɢ ɂ99,9 ɩɨ ȽɈɋɌ 13099-2006 
ɞɢɚɦɟɬɪɨɦ ɨɬ 9,41 ɞɨ10,35 ɦɦ  ɢ ɜɵɫɨɬɨɣ ɨɬ 14,3 ɞɨ 1θ,1 ɦɦ. 
 
 
Ɋɢɫɭɧɨɤ 2.8 – ɉɥɚɫɬɨɦɟɬɪ ɤɭɥɚɱɤɨɜɨɝɨ ɬɢɩɚ ɂɆȺɒ ɍɪɈ ɊȺɇ 
 
  
Ɋɢɫɭɧɨɤ 2.9 – ɐɢɥɢɧɞɪɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ ɢɡ ɢɪɢɞɢɹ 
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ɉɟɪɟɞ ɩɨɫɚɞɤɨɣ ɜ ɩɟɱɶ ɧɚ ɧɚɝɪɟɜ ɨɛɪɚɡɰɵ ɭɫɬɚɧɚɜɥɢɜɚɥɢɫɶ ɜ ɫɩɟɰɢɚɥɶɧɵɣ 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɤɨɧɬɟɣɧɟɪ ɩɨ ɰɟɧɬɪɭ ɨɫɚɞɨɱɧɵɯ ɩɥɢɬ – ɛɨɣɤɨɜ ɢɡ ɫɩɟɰɢɚɥɶɧɵɯ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɢ ɢɡɨɥɢɪɨɜɚɥɢɫɶ ɤɚɨɥɢɧɨɜɨɣ ɜɚɬɨɣ. ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ 
ɜɵɲɟɨɩɢɫɚɧɧɨɣ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɣ ɱɚɫɬɢ, ɩɟɱɶ ɧɚɝɪɟɜɚɥɢ ɞɨ ɡɚɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ. ɍɱɢɬɵɜɚɹ ɫɭɳɟɫɬɜɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɪɢɞɢɹ ɫ 
ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ, ɚ ɬɚɤɠɟ ɨɤɢɫɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ, ɞɥɹ 
ɥɭɱɲɟɝɨ ɩɪɨɝɪɟɜɚ ɨɛɪɚɡɰɚ ɩɨ ɜɫɟɦɭ ɫɟɱɟɧɢɸ, ɜɪɟɦɹ ɧɚɝɪɟɜɚ ɩɪɢ ɜɫɟɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɨɫɬɚɜɥɹɥɨ ɨɤɨɥɨ 30 ɦɢɧɭɬ. 
ɋɢɫɬɟɦɵ ɫɛɨɪɚ ɢ ɪɟɝɢɫɬɪɚɰɢɢ ɞɚɧɧɵɯ GОЧТDAQ ɢ АТЧDAQ ɨɫɭɳɟɫɬɜɥɹɥɢ 
ɜɵɜɨɞ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɜ ɮɨɪɦɚɬɟ εТМЫШЬШПЭ EбМОХ. ɉɪɢɦɟɪ ɤɨɦɩɶɸɬɟɪɧɨɣ 
ɡɚɩɢɫɢ ɩɪɨɰɟɫɫɚ ɨɫɚɞɤɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.10, ɝɞɟ ɧɢɠɧɹɹ ɤɪɢɜɚɹ – ɤɪɢɜɚɹ 
ɡɚɩɢɫɢ ɫɢɥɵ ɨɫɚɞɤɢ, ɜɟɪɯɧɹɹ – ɤɪɢɜɚɹ ɡɚɩɢɫɢ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨɥɡɭɧɚ ɫ 
ɞɟɮɨɪɦɢɪɭɸɳɢɦ ɛɨɣɤɨɦ. 
 
 
Ɋɢɫɭɧɨɤ 2.10 – Ɍɢɩɨɜɨɣ ɜɢɞ ɝɪɚɮɢɤɚ ɪɟɝɢɫɬɪɚɰɢɢ ɩɨɤɚɡɚɧɢɣ ɫ ɞɚɬɱɢɤɨɜ 
ɢɡɦɟɪɟɧɢɣ 
 
Ɂɚɩɢɫɚɧɧɵɟ ɤɪɢɜɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɪɚɫɱɟɬɚ ɤɪɢɜɵɯ ɭɩɪɨɱɧɟɧɢɹ ɩɨ 
ɫɩɟɰɢɚɥɶɧɨɣ ɩɪɨɝɪɚɦɦɟ, ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɜ ɂɆȺɒ ɍɪɈ ɊȺɇ. Ɂɧɚɱɟɧɢɹ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɪɚɫɫɱɢɬɚɧɵ ɩɨ ɮɨɪɦɭɥɟ  
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              (2.3) 
ɝɞɟ  P – ɢɡɦɟɪɟɧɧɚɹ ɫɢɥɚ, F – ɪɚɫɱɺɬɧɚɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ. 
ɉɨɫɤɨɥɶɤɭ ɫɢɥɚ ɨɫɚɞɤɢ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɦɟɫɞɨɡɨɣ, ɡɚɩɢɫɵɜɚɟɬɫɹ ɧɚ 
ɤɨɦɩɶɸɬɟɪɟ ɜ ɜɨɥɶɬɚɯ, ɞɥɹ ɩɟɪɟɫɱɟɬɚ ɜ ɤɝɫ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɟɟ 
ɬɚɪɢɪɨɜɤɢ, ɩɨ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ Ф ɜ ɮɨɪɦɭɥɟ Ɋ = Ф x U. 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɨɮɢɥɶ ɤɭɥɚɱɤɚ ɬɚɤɨɜ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɞɟɮɨɪɦɚɰɢɢ ɨɛɪɚɡɰɚ 
ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɭɦɟɧɶɲɟɧɢɟ ɜɵɫɨɬɵ ɨɫɚɠɢɜɚɟɦɨɝɨ ɨɛɪɚɡɰɚ 
ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɫɟɱɟɧɢɸ. ɋ ɭɱɟɬɨɦ ɡɚɤɨɧɚ ɩɨɫɬɨɹɧɫɬɜɚ ɨɛɴɟɦɚ, 
ɪɚɫɱɺɬɧɚɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɛɪɚɡɰɚ ɩɪɢ ɨɞɧɨɨɫɧɨɣ ɨɫɚɞɤɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ                              (2.4) 
ɝɞɟ  Н0 – ɧɚɱɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɨɛɪɚɡɰɚ, С0 – ɧɚɱɚɥɶɧɚɹ ɜɵɫɨɬɚ ɨɛɪɚɡɰɚ, С1 – 
ɩɟɪɟɦɟɳɟɧɢɟ ɩɨɥɡɭɧɚ.  
ȼɵɲɟɭɤɚɡɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɩɟɪɟɫɱɢɬɵɜɚɟɬ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɜ 
ɤɨɨɪɞɢɧɚɬɵ «ɇɚɩɪɹɠɟɧɢɟ (Ɇɉɚ) – Ʌɨɝɚɪɢɮɦɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ». 
ɋ ɭɱɟɬɨɦ ɩɥɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ ɩɨɫɬɪɨɟɧɨ ɬɪɢ ɫɟɦɟɣɫɬɜɚ ɭɫɪɟɞɧɟɧɧɵɯ 
ɤɪɢɜɵɯ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ (ɪɢɫɭɧɤɢ 2.11 – 2.13). 
ɋ ɰɟɥɶɸ ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɭɱɟɧɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
ɨɛɪɚɛɨɬɤɢ ɞɚɜɥɟɧɢɟɦ ɢɡɞɟɥɢɣ ɢɡ ɢɪɢɞɢɹ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɩɨɫɬɪɨɟɧɢɹ 
ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɢɪɢɞɢɹ ɨɬ 
ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ: ɫɬɟɩɟɧɢ, ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ. 
ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɮɨɪɦɭɥɭ, ɩɪɟɞɥɨɠɟɧɧɭɸ Ȼ.Ⱥ. Ɇɢɝɚɱɟɜɵɦ, 
ɤɨɬɨɪɚɹ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɢɦ ɜ ɪɚɛɨɬɟ Д55Ж ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɟɬ ɜɨɡɪɚɫɬɚɸɳɢɣ ɯɚɪɚɤɬɟɪ 
ɤɪɢɜɵɯ ɭɩɪɨɱɧɟɧɢɹ: 
 
ıS = A · İKİ · ξKξ · exp (- Kș · ș),     (2.5) 
55 
 
ɝɞɟ Kİ, Kξ, Kș – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɬɟɩɟɧɧɨɣ, ɫɤɨɪɨɫɬɧɨɣ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬɵ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ. 
Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ki ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɦɟɬɨɞɚɦɢ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ. ɗɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɢɫɤɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ki 
ɹɜɥɹɟɬɫɹ ɪɟɝɪɟɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ, ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɢɫɤɨɦɚɹ ɩɟɪɟɦɟɧɧɚɹ 
(ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ), ɨɩɪɟɞɟɥɹɟɦɚɹ ɧɟɫɤɨɥɶɤɢɦɢ ɧɟɡɚɜɢɫɢɦɵɦɢ 
ɮɚɤɬɨɪɚɦɢ (ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ) ɢɦɟɸɬ ɥɢɧɟɣɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ 
ɢɫɫɥɟɞɭɟɦɵɯ ɮɚɤɬɨɪɨɜ. 
Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ki ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɢɟɦ ɩɪɢɜɨɞɢɦ 
ɡɚɜɢɫɢɦɨɫɬɶ (2.5) ɤ ɥɢɧɟɣɧɨɦɭ ɜɢɞɭ, ɬɢɩɚ  
 
Y = B0 + B1·Б1 + B2·Б2 + B3·Б3,    (2.6) 
 
ɝɞɟ B0, B1, B2, B3 – ɧɟɢɡɜɟɫɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɟɝɪɟɫɫɢɢ, Бi – ɧɟɡɚɜɢɫɢɦɵɟ 
ɩɚɪɚɦɟɬɪɵ, В – ɡɚɜɢɫɢɦɚɹ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɮɭɧɤɰɢɹ. 
 
 
Ɋɢɫɭɧɨɤ 2.11 – Ʉɪɢɜɵɟ ɭɩɪɨɱɧɟɧɢɹ ɢɪɢɞɢɹ ɩɪɢ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ 0,2 ɫ-1 
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Ɋɢɫɭɧɨɤ 2.12 – Ʉɪɢɜɵɟ ɭɩɪɨɱɧɟɧɢɹ ɢɪɢɞɢɹ ɩɪɢ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ 2 ɫ-1 
 
 
Ɋɢɫɭɧɨɤ 2.13 – Ʉɪɢɜɵɟ ɭɩɪɨɱɧɟɧɢɹ ɢɪɢɞɢɹ ɩɪɢ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ 20 ɫ-1 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ  ɡɚɜɢɫɢɦɨɫɬɶ ɜɢɞɚ  
 
ln ıS = ln A + Kİ · ln İ + Kξ · ln ξ – Kș · ș.    (2.7) 
 
Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɯɨɠɞɟɧɢɢ ɩɨ 
ɜɵɛɨɪɤɟ ɨɛɴɟɦɨɦ N ɨɰɟɧɤɢ ɧɟɢɡɜɟɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɪɟɫɫɢɢ Bi ɜ 
ɭɪɚɜɧɟɧɢɢ ɪɟɝɪɟɫɫɢɢ (2.θ). Ɂɚɞɚɱɢ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɫɨɫɬɨɹɬ ɜ ɬɨɦ, ɱɬɨɛɵ 
ɩɨ ɢɦɟɸɳɢɦɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɞɚɧɧɵɦ ɞɥɹ ɩɟɪɟɦɟɧɧɵɯ Бi ɢ В: 
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• ɩɨɥɭɱɢɬɶ ɧɚɢɥɭɱɲɢɟ ɨɰɟɧɤɢ ɧɟɢɡɜɟɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Bi ɢɥɢ Kİ, Kξ, Kș 
ɜ ɫɥɭɱɚɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɢɪɢɞɢɹ; 
• ɩɪɨɜɟɪɢɬɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɝɢɩɨɬɟɡɵ ɨ ɩɚɪɚɦɟɬɪɚɯ ɦɨɞɟɥɢ; 
• ɩɪɨɜɟɪɢɬɶ, ɞɨɫɬɚɬɨɱɧɨ ɥɢ ɯɨɪɨɲɨ ɦɨɞɟɥɶ ɫɨɝɥɚɫɭɟɬɫɹ ɫɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ 
ɞɚɧɧɵɦɢ (ɚɞɟɤɜɚɬɧɨɫɬɶ ɦɨɞɟɥɢ ɞɚɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ). 
ȼɵɩɨɥɧɟɧɢɟ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɡɚɞɚɱ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜ ɩɚɤɟɬɟ εS ηППТМО EбМОХ, 
ɦɨɞɭɥɟ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ. ɋ ɭɱɟɬɨɦ ɩɨɥɭɱɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɡɚɜɢɫɢɦɨɫɬɶ (2.7) 
ɞɥɹ ɢɪɢɞɢɹ ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɢɣ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɢɞ: 
 
ıS = 1446,87 · İ0,2685 · ξ0,047 · exp(-0,00072·ș).                      (2.8) 
 
ɋ ɰɟɥɶɸ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɛɵɥ ɜɵɩɨɥɧɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɪɢɜɵɯ ɭɩɪɨɱɧɟɧɢɹ ɢ ɤɪɢɜɵɯ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ 
ɩɪɟɞɥɨɠɟɧɧɨɣ ɮɨɪɦɭɥɟ (2.8). Ɋɚɫɱɟɬ ɩɪɨɜɨɞɢɥɫɹ ɞɥɹ ɜɫɟɝɨ ɢɫɫɥɟɞɭɟɦɨɝɨ 
ɞɢɚɩɚɡɨɧɚ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɨɰɟɧɤɢ ɛɵɥɚ 
ɜɵɛɪɚɧɚ ɜɟɥɢɱɢɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɲɢɛɤɢ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɩɨ ɮɨɪɦɭɥɟ Δ = (ıSɪɚɫɱ - 
ıSɷɤɫɩ) / ıSɪɚɫɱ × 100, %. 
ɋɨɩɨɫɬɚɜɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɲɢɛɤɢ Δmax 
ɪɚɜɧɨ 1ι,04%, ɫɪɟɞɧɟɟ ɱɢɫɥɨ ɨɲɢɛɤɢ Δɫɪ ɩɨ ɦɨɞɭɥɸ ɪɚɜɧɨ 0,θ5%. ɗɬɨ ɞɨɤɚɡɵɜɚɟɬ, 
ɱɬɨ ɩɨɥɭɱɟɧɧɭɸ ɮɨɪɦɭɥɭ (2.8) ɞɨɩɭɫɬɢɦɨ ɩɪɢɦɟɧɹɬɶ ɩɪɢ ɪɚɫɱɟɬɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɞɚɜɥɟɧɢɟɦ ɢɡɞɟɥɢɣ ɢɡ ɢɪɢɞɢɹ. ɇɚɢɥɭɱɲɢɟ 
ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ (ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɨɲɢɛɤɨɣ) ɩɪɟɞɥɚɝɚɟɦɚɹ ɮɨɪɦɭɥɚ ɞɚɟɬ ɩɪɢ 
ɫɬɟɩɟɧɹɯ ɞɟɮɨɪɦɚɰɢɢ ɟ ɜ ɩɪɟɞɟɥɚɯ 0,2 – 0,θ (İ = 0,25 - 0,45%) [56]. 
 
2.4. ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 
 
1. ɂɫɩɨɥɶɡɨɜɚɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɯɨɥɨɞɧɵɯ 
ɢɫɩɵɬɚɧɢɣ ɫɩɥɚɜɚ ɉɥɉɞɊɞɊɭ 81-15-3,5-0,5 ɧɚ ɨɫɧɨɜɟ ɪɚɫɬɹɠɟɧɢɹ ɩɪɨɜɨɥɨɱɧɵɯ 
ɨɛɪɚɡɰɨɜ ɜ ɭɫɥɨɜɢɹɯ ɧɟɛɨɥɶɲɢɯ ɫɬɟɩɟɧɟɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɢɡɦɟɪɟɧɢɹ ɭɫɥɨɜɧɨɝɨ 
ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɞɥɹ ɨɛɪɚɡɰɨɜ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɧɚɝɚɪɬɨɜɤɢ. ɉɨɤɚɡɚɧɚ 
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ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɦɨɧɨɬɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɩɨɞɯɨɞɚ. 
2. ɉɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɫɩɥɚɜɚ ɉɥɉɞɊɞɊɭ 81-15-
3,5-0,5 ɩɪɢ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ 0,008…0,01 ɫ-1 ɜ ɞɢɚɩɚɡɨɧɟ ɫɬɟɩɟɧɟɣ 
ɞɟɮɨɪɦɚɰɢɢ 0…1,ι28. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɟɬɨɞ ɪɚɫɬɹɠɟɧɢɹ ɨɛɪɚɡɰɨɜ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɢɬɶ ɞɚɧɧɵɟ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ 
ɭɞɥɢɧɟɧɢɹ ɧɟ ɜɵɲɟ 12%. Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ 
ɢɡɦɟɪɟɧɢɟɦ ɭɫɥɨɜɧɨɝɨ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɩɨɡɜɨɥɢɥ ɩɨɥɭɱɢɬɶ ɞɚɧɧɵɟ ɩɪɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɭɞɥɢɧɟɧɢɢ 82%. ɉɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɝɪɚɮɢɱɟɫɤɨɦ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɜɢɞɟ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɧɚɢɛɨɥɶɲɟɣ ɧɚɝɚɪɬɨɜɤɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ ɫɩɥɚɜɚ ɞɨɫɬɢɝɚɟɬ 520 Ɇɉɚ. 
3. ɉɨɥɭɱɟɧɵ ɤɪɢɜɵɟ ɭɩɪɨɱɧɟɧɢɹ ɞɥɹ ɫɩɥɚɜɨɜ ɉɥɊɞ-10 ɢ ɉɥɊɞ-10Ⱦɍ, 
ɨɩɢɫɵɜɚɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɨɬ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ ɜ 
ɯɨɥɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɩɨɥɭɱɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ. 
4. ȼɵɩɨɥɧɟɧɵ ɝɨɪɹɱɢɟ ɩɥɚɫɬɨɦɟɬɪɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɢɪɢɞɢɹ ɦɚɪɤɢ ɂ99,9 ɜ 
ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 800…1400ɨɋ ɢ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ 0,2…20 ɫ-1. 
5. ȼɵɹɜɥɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɜɟɞɟɧɢɹ ɤɪɢɜɵɯ ɭɩɪɨɱɧɟɧɢɹ ɢɪɢɞɢɹ ɨɬ 
ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ. ɉɪɢ ɦɚɥɨɣ ɫɤɨɪɨɫɬɢ (0,2 ɫ-1) ɭɩɪɨɱɧɟɧɢɟ ɦɟɬɚɥɥɚ ɢɦɟɟɬ 
ɦɟɫɬɨ ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɫɬɟɩɟɧɟɣ ɞɟɮɨɪɦɚɰɢɢ ɜɩɥɨɬɶ ɞɨ ɟ = 0,8. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɟ 
ɜɵɲɟ 0,θ ɭɩɪɨɱɧɟɧɢɟ ɡɚɦɟɞɥɹɟɬɫɹ. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ (2 ɫ-1) ɭɩɪɨɱɧɟɧɢɟ 
ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɪɢ ɟ = 0,θ ɢ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ ɟ ɛɟɡ 
ɩɪɢɡɧɚɤɨɜ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɡɭɩɪɨɱɧɟɧɢɹ. ɉɪɢ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ (20 
ɫ-1) ɭɩɪɨɱɧɟɧɢɟ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɬɚɤɠɟ ɩɪɢ ɟ = 0,θ, ɨɞɧɚɤɨ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ 
ɭɜɟɥɢɱɟɧɢɢ ɟ ɧɚɛɥɸɞɚɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɡɭɩɪɨɱɧɟɧɢɟ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ 
ɧɟɛɨɥɶɲɢɦ ɫɧɢɠɟɧɢɟɦ ɜɟɥɢɱɢɧɵ ıs. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɭɩɪɨɱɧɟɧɢɹ ɢɪɢɞɢɹ ɩɪɢ 
ɨɞɢɧɚɤɨɜɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ. 
ɇɚɢɛɨɥɶɲɟɟ ɭɩɪɨɱɧɟɧɢɟ ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 800 ɢ 900°ɋ, ɬ.ɟ. ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɤɨɬɨɪɚɹ ɞɥɹ ɢɪɢɞɢɹ ɪɚɜɧɚ 
59 
 
1000 °ɋ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 1000°ɋ ɜɩɥɨɬɶ ɞɨ 1400°ɋ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɭɩɪɨɱɧɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 
6. ɉɨɫɬɪɨɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ 
ɢɪɢɞɢɹ ɨɬ ɢɫɫɥɟɞɭɟɦɵɯ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ (ɫɬɟɩɟɧɢ, ɫɤɨɪɨɫɬɢ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ), ɩɨɡɜɨɥɹɸɳɚɹ ɪɚɫɫɱɢɬɚɬɶ ɭɪɨɜɟɧɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɞɟɮɨɪɦɚɰɢɢ ɢɪɢɞɢɹ ɩɪɢ ɥɸɛɨɦ ɡɧɚɱɟɧɢɢ ɭɤɚɡɚɧɧɵɯ ɮɚɤɬɨɪɨɜ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɩɪɟɞɟɥɚɯ. ɉɪɨɜɟɞɟɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ  ɜɵɹɜɥɟɧɧɚɹ ɚɧɚɥɢɬɢɱɟɫɤɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɞɚɟɬ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɫɬɟɩɟɧɹɯ ɞɟɮɨɪɦɚɰɢɢ 0,2 – 0,6. 
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3. ȺɇȺɅɂɁ ɏɈɅɈȾɇɈɃ ɒɌȺɆɉɈȼɄɂ ȼ ɌȿɏɇɈɅɈȽɂɂ 
ɉɊɈɂɁȼɈȾɋɌȼȺ ɋɌȿɄɅɈɉɅȺȼɂɅɖɇɕɏ ɋɈɋɍȾɈȼ 
 
3.1. ɇɚɛɥɸɞɟɧɢɹ ɜ ɯɨɞɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɢɯ ɚɧɚɥɢɡ 
 
Ʉɚɤ ɫɨɨɛɳɚɥɨɫɶ ɪɚɧɟɟ ɜ ɩɭɧɤɬɟ 1.3, ɩɪɨɰɟɫɫ ɥɢɫɬɨɜɨɣ ɲɬɚɦɩɨɜɤɢ 
ɮɢɥɶɟɪɧɨɝɨ ɞɧɚ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɫɨɫɭɞɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɨɩɟɪɚɰɢɣ. ɇɚ ɩɟɪɜɨɣ 
ɨɩɟɪɚɰɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɡɚɩɨɥɧɟɧɢɟ ɪɹɞɚ ɨɬɜɟɪɫɬɢɣ ɲɬɚɦɩɚ (ɪɢɫɭɧɨɤ 3.1) 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɩɥɨɫɤɭɸ ɡɚɝɨɬɨɜɤɭ ɢɧɫɬɪɭɦɟɧɬɨɦ ɜ ɜɢɞɟ ɩɥɢɬɵ. 
 
Ɋɢɫɭɧɨɤ 3.1 – Ɏɪɚɝɦɟɧɬ ɲɬɚɦɩɚ ɞɥɹ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ 
 
ɋ ɷɬɨɣ ɰɟɥɶɸ ɡɚɝɨɬɨɜɤɚ ɜ ɜɢɞɟ ɩɨɥɨɫɵ ɨɛɠɢɦɚɟɬɫɹ ɩɥɨɫɤɢɦ ɛɨɣɤɨɦ ɧɚ 
ɲɬɚɦɩɟ ɫ ɨɬɜɟɪɫɬɢɹɦɢ, ɪɚɫɩɨɥɨɠɟɧɢɟ ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɩɨɥɨɠɟɧɢɸ 
ɮɢɥɶɟɪ ɧɚ ɮɢɥɶɟɪɧɨɦ ɞɧɟ. Ɇɟɬɚɥɥ ɡɚɝɨɬɨɜɤɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɛɨɣɤɚ ɭɬɨɧɹɟɬɫɹ ɧɚɞ 
ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɲɬɚɦɩɚ ɢ ɤɨɧɰɟɧɬɪɢɪɭɟɬɫɹ ɜ ɟɝɨ ɨɬɜɟɪɫɬɢɹɯ. ɉɨɫɥɟ 
ɤɚɠɞɨɝɨ ɯɨɞɚ ɛɨɣɤɚ ɲɬɚɦɩ ɫ ɡɚɝɨɬɨɜɤɨɣ ɩɪɨɞɜɢɝɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɣɤɚ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ, ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɸ ɬɟɱɟɧɢɹ ɦɟɬɚɥɥɚ. Ɍɚɤ ɩɨɲɚɝɨɜɨ ɢɞɟɬ 
ɨɛɪɚɛɨɬɤɚ ɜɫɟɣ ɩɨɥɨɫɵ, ɩɪɨɰɟɫɫ ɞɥɢɬɫɹ ɞɨ ɨɤɨɧɱɚɧɢɹ ɩɨɥɨɫɵ. ɋɯɟɦɚ ɨɩɟɪɚɰɢɢ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.2. ɉɨɥɭɱɟɧɧɵɟ ɜɵɫɬɭɩɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ ɧɢɠɧɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ ɜ ɜɢɞɟ ɡɚɞɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɹɞɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɪɭɝ ɡɚ ɞɪɭɝɨɦ (ɪɢɫɭɧɨɤ 3.4). Ʉɚɠɞɵɣ ɪɹɞ ɜɵɫɬɭɩɨɜ ɫɨɫɬɨɢɬ ɢɡ 
ɞɜɭɯ ɩɨɥɭɪɹɞɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɲɚɯɦɚɬɧɨɦ ɩɨɪɹɞɤɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ. 
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Ɋɢɫɭɧɨɤ 3.2 – ɋɯɟɦɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ: 1 – ɛɨɟɤ; 2 – ɡɚɝɨɬɨɜɤɚ; 3 – ɲɬɚɦɩ; 
ɚ – ɧɚɱɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ; ɛ – ɯɨɞ ɛɨɣɤɚ ɜɧɢɡ, ɜɵɞɚɜɥɢɜɚɧɢɟ ɦɟɬɚɥɥɚ; ɜ – ɯɨɞ 
ɛɨɣɤɚ ɜɜɟɪɯ, ɩɟɪɟɦɟɳɟɧɢɟ ɲɬɚɦɩɚ; ɝ – ɯɨɞ ɛɨɣɤɚ ɜɧɢɡ; ɞ – ɜɵɞɚɜɥɢɜɚɧɢɟ ɦɟɬɚɥɥɚ 
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Ɋɢɫɭɧɨɤ 3.3 – ɋɯɟɦɚ ɜɬɨɪɨɣ ɨɩɟɪɚɰɢɢ: 1 – ɛɨɟɤ; 2 – ɡɚɝɨɬɨɜɤɚ; 3 – ɦɚɬɪɢɰɚ; 
ɚ – 1 ɷɬɚɩ; ɛ – 2 ɷɬɚɩ; ɜ – 3 ɷɬɚɩ; ɝ – 4 ɷɬɚɩ; ɞ – 5 ɷɬɚɩ 
 
ɇɚ ɜɬɨɪɨɣ ɨɩɟɪɚɰɢɢ ɩɨɥɭɱɟɧɧɵɟ ɜɵɫɬɭɩɵ ɦɟɬɚɥɥɚ ɧɚ ɡɚɝɨɬɨɜɤɟ ɛɭɞɭɬ 
ɩɪɟɨɛɪɚɡɨɜɚɧɵ ɜ ɮɢɥɶɟɪɵ (ɪɢɫɭɧɨɤ 1.θ) ɩɭɬɟɦ ɝɥɭɛɨɤɨɣ ɜɵɬɹɠɤɢ ɭɱɚɫɬɤɨɜ 
ɩɥɚɫɬɢɧɵ ɫ ɜɵɫɬɭɩɚɦɢ. Ɉɩɟɪɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɷɬɚɩɨɜ (ɪɢɫɭɧɨɤ 3.3). Ⱦɥɹ 
ɤɚɠɞɨɝɨ ɷɬɚɩɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɞɧɚ ɦɚɬɪɢɰɚ, ɮɨɪɦɚ ɨɬɜɟɪɫɬɢɣ ɤɨɬɨɪɨɣ ɩɨɜɬɨɪɹɟɬ 
ɧɚɪɭɠɧɭɸ ɮɨɪɦɭ ɮɢɥɶɟɪ ɝɨɬɨɜɨɝɨ ɞɧɚ ɩɢɬɚɬɟɥɹ, ɢ ɨɬɞɟɥɶɧɵɣ ɧɚɛɨɪ ɛɨɣɤɨɜ. ɇɚ 
ɩɟɪɜɨɦ ɷɬɚɩɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɢɥɶɟɪ ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɨɟɤ ɫɨ ɫɮɟɪɢɱɟɫɤɢɦ 
ɧɚɤɨɧɟɱɧɢɤɨɦ. ɇɚ ɜɬɨɪɨɦ ɢ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɞɟɮɨɪɦɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɨɣɤɚɦɢ ɫ 
ɤɨɧɢɱɟɫɤɢɦ ɧɚɤɨɧɟɱɧɢɤɨɦ ɫ ɪɚɡɥɢɱɧɵɦ ɰɟɧɬɪɚɥɶɧɵɦ ɭɝɥɨɦ ɤɨɧɭɫɚ. ɇɚ ɷɬɚɩɚɯ ɫ 
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ɩɟɪɜɨɝɨ ɩɨ ɬɪɟɬɢɣ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɞɜɢɠɟɧɢɟ ɦɟɬɚɥɥɚ ɩɨ ɤɚɧɚɥɭ ɨɬɜɟɪɫɬɢɹ 
ɦɚɬɪɢɰɵ. ɇɚ ɱɟɬɜɟɪɬɨɦ ɷɬɚɩɟ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɨɲɢɜɧɨɣ ɩɭɚɧɫɨɧ, ɟɝɨ ɡɚɞɚɱɚ – 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɬɜɟɪɫɬɢɹ ɜ ɦɟɬɚɥɥɟ. ɇɚ ɩɹɬɨɦ ɷɬɚɩɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɥɢɛɪɨɜɨɱɧɵɣ 
ɩɭɚɧɫɨɧ, ɨɧ ɮɨɪɦɢɪɭɟɬ ɜɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɮɢɥɶɟɪɵ. 
 
 
 
Ɋɢɫɭɧɨɤ 3.4 – ȼɧɟɲɧɢɣ ɜɢɞ ɡɚɝɨɬɨɜɤɢ ɩɨɫɥɟ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɲɬɚɦɩɨɜɤɢ 
 
ɉɨɲɚɝɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɤɢ ɧɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ 
ɢɧɬɟɧɫɢɜɧɨɦɭ ɩɪɨɞɨɥɶɧɨɦɭ ɬɟɱɟɧɢɸ ɦɟɬɚɥɥɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɨɛɪɚɡɨɜɚɧɢɸ 
ɞɟɮɟɤɬɨɜ. ɇɚɩɪɢɦɟɪ, ɧɚɛɥɸɞɚɟɬɫɹ ɹɜɧɨɟ ɨɬɥɢɱɢɟ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ (ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɸ ɬɟɱɟɧɢɸ ɦɟɬɚɥɥɚ) ɩɨɥɭɪɹɞɚ ɤɚɠɞɨɝɨ ɪɹɞɚ ɜɵɫɬɭɩɨɜ ɩɨ ɮɨɪɦɟ, 
ɜɫɥɟɞɫɬɜɢɟ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɨɬɜɟɪɫɬɢɣ ɲɬɚɦɩɚ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ 
ɩɟɪɜɵɣ ɩɨɥɭɪɹɞ ɢɦɟɟɬ ɹɪɤɨ ɜɵɪɚɠɟɧɧɭɸ ɧɚɤɥɨɧɧɭɸ ɩɥɨɳɚɞɤɭ, ɩɨɥɭɱɟɧɧɭɸ 
ɩɨɫɥɟ ɫɪɟɡɚ ɦɟɬɚɥɥɚ (ɪɢɫɭɧɨɤ 3.5), ɜɬɨɪɨɣ ɩɨɥɭɪɹɞ ɢɦɟɟɬ ɛɨɥɟɟ ɩɪɚɜɢɥɶɧɭɸ 
ɤɨɧɭɫɨɜɢɞɧɭɸ ɮɨɪɦɭ. Ɍɚɤɠɟ ɜɵɫɬɭɩɵ ɜɬɨɪɨɝɨ ɩɨɥɭɪɹɞɚ ɢɦɟɸɬ ɛɨɥɶɲɭɸ ɜɵɫɨɬɭ, 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɜɵɦ ɩɨɥɭɪɹɞɨɦ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɟɣ ɲɬɚɦɩɚ. 
Ʉɚɠɞɵɣ ɪɹɞ ɨɬɜɟɪɫɬɢɣ ɲɬɚɦɩɚ, ɮɨɪɦɢɪɭɸɳɢɣ ɜɵɫɬɭɩɵ, ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɛɨɥɶɲɨɦ 
ɭɝɥɭɛɥɟɧɢɢ ɜɵɫɨɬɨɣ ɞɨ 0,25 ɦɦ, ɤɨɬɨɪɨɟ ɢɦɟɟɬ ɮɨɪɦɭ ɬɪɚɩɟɰɢɢ ɫɨ ɫɤɪɭɝɥɟɧɧɵɦɢ 
ɭɝɥɚɦɢ ɜ ɩɥɚɧɟ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ, ɚ ɬɚɤɠɟ ɩɪɨɞɨɥɶɧɨɝɨ ɬɟɱɟɧɢɹ ɦɟɬɚɥɥɚ, ɜɬɨɪɨɣ 
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ɩɨɥɭɪɹɞ ɧɚɯɨɞɢɬɫɹ ɜ ɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ ɞɥɹ ɬɟɱɟɧɢɹ ɦɟɬɚɥɥɚ. Ɇɟɬɚɥɥ 
ɭɩɢɪɚɟɬɫɹ ɜ ɛɭɪɬ (ɪɢɫɭɧɨɤ 3.1), ɨɛɪɚɡɨɜɚɧɧɵɣ ɭɝɥɭɛɥɟɧɢɟɦ, ɢ ɜ ɫɢɥɭ ɜɵɩɨɥɧɟɧɢɹ 
ɡɚɤɨɧɚ ɦɢɧɢɦɭɦɚ ɷɧɟɪɝɢɢ, ɬɟɱɟɬ ɩɨ ɩɭɬɢ ɧɚɢɦɟɧɶɲɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɬ.ɟ. ɜ 
ɨɬɜɟɪɫɬɢɟ ɜɬɨɪɨɝɨ ɩɨɥɭɪɹɞɚ ɲɬɚɦɩɚ. Ʉɚɤ ɪɟɡɭɥɶɬɚɬ, ɜɬɨɪɨɣ ɩɨɥɭɪɹɞ ɢɦɟɟɬ 
ɛɨɥɶɲɢɣ ɨɛɴɟɦ. ɑɚɫɬɨ ɫɥɭɱɚɟɬɫɹ, ɱɬɨ ɨɛɴɟɦɚ ɩɟɪɜɨɝɨ ɩɨɥɭɪɹɞɚ ɞɚɠɟ ɧɟ ɯɜɚɬɚɟɬ 
ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɥɧɨɰɟɧɧɨɣ ɮɢɥɶɟɪɵ ɧɚ ɜɬɨɪɨɣ ɨɩɟɪɚɰɢɢ ɲɬɚɦɩɨɜɤɢ [57].  
 
 
Ɋɢɫɭɧɨɤ 3.5 – ȼɢɞɵ ɧɟɫɨɜɟɪɲɟɧɫɬɜ ɡɚɩɨɥɧɟɧɢɹ ɲɬɚɦɩɚ: 
ɚ – ɧɟɫɢɦɦɟɬɪɢɱɧɨɟ ɡɚɩɨɥɧɟɧɢɟ ɩɟɪɜɨɝɨ ɩɨɥɭɪɹɞɚ; ɛ – ɫɪɟɡ ɦɟɬɚɥɥɚ ɩɟɪɜɨɝɨ 
ɩɨɥɭɪɹɞɚ; ɜ – ɭɜɟɥɢɱɟɧɧɚɹ ɝɥɭɛɢɧɚ ɡɚɩɨɥɧɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɥɭɪɹɞɚ 
 
 Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɡɚɩɨɥɧɹɟɦɨɫɬɢ ɲɬɚɦɩɚ ɧɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ 
ɲɬɚɦɩɨɜɤɢ ɮɢɥɶɟɪɧɨɝɨ ɞɧɚ ɛɵɥɚ ɩɪɨɢɡɜɟɞɟɧɚ ɩɟɪɜɚɹ ɨɩɟɪɚɰɢɹ ɲɬɚɦɩɨɜɤɢ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɥɨɳɚɞɤɟ ɈȺɈ «ȿɁ ɈɐɆ». Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɡɚɝɨɬɨɜɤɚ ɜ ɜɢɞɟ ɩɨɥɨɫɵ ɬɨɥɳɢɧɨɣ 4,0 ɦɦ, ɲɬɚɦɩ ɫ ɨɬɜɟɪɫɬɢɹɦɢ ɧɚ 19 ɮɢɥɶɟɪ (9 
ɮɢɥɶɟɪ ɜ ɩɟɪɜɨɦ ɩɨɥɭɪɹɞɟ ɢ 10 ɮɢɥɶɟɪ ɜɨ ɜɬɨɪɨɦ), ɛɨɟɤ ɫ ɪɚɡɦɟɪɚɦɢ ɩɥɨɫɤɨɣ 
ɱɚɫɬɢ 10 ɯ 80 ɦɦ. ɍɫɢɥɢɟ ɩɪɟɫɫɚ ɩɪɢ ɲɬɚɦɩɨɜɤɟ ɫɨɫɬɚɜɢɥɨ 120 ɬɫ, ɱɬɨ ɫ ɭɱɟɬɨɦ 
ɪɚɡɦɟɪɨɜ ɩɥɨɫɤɨɣ ɱɚɫɬɢ ɛɨɣɤɢ ɪɚɡɜɢɜɚɟɬ ɞɚɜɥɟɧɢɟ 1470 Ɇɉɚ ɧɚ ɤɨɧɬɚɤɬɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ. ȼ ɢɬɨɝɟ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɩɨɥɨɫɚ ɬɨɥɳɢɧɨɣ 2,5 ɦɦ ɫ ɜɵɫɬɭɩɚɦɢ, 
ɪɚɡɦɟɪɵ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. ɂɡɦɟɪɟɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨɳɶɸ 
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ɢɧɞɢɤɚɬɨɪɧɨɣ ɝɨɥɨɜɤɢ ɱɚɫɨɜɨɝɨ ɬɢɩɚ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚ ɲɬɚɬɢɜɟ, ɜ ɧɟɫɤɨɥɶɤɢɯ 
ɬɨɱɤɚɯ, ɪɚɫɩɨɥɨɠɟɧɢɟ ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.6. Ɍɨɱɤɢ ɡɚɦɟɪɚ №1 ɢ №2 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɟɪɜɨɦɭ ɩɨɥɭɪɹɞɭ, ɬɨɱɤɢ №3 ɢ №4 – ɜɬɨɪɨɦɭ. 
 
Ɋɢɫɭɧɨɤ 3.θ – ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɜɵɫɬɭɩɨɜ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɬɨɱɟɤ ɡɚɦɟɪɚ ɜɵɫɨɬɵ 
 
Ɍɚɛɥɢɰɚ 3.1 – Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɬɵ ɜɵɫɬɭɩɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ 
ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɈȺɈ «ȿɁ ɈɐɆ» 
№ ɬɨɱɤɢ ɡɚɦɟɪɚ ȼɵɫɨɬɚ ɜɵɫɬɭɩɚ, ɦɦ 
1 2,23 2,17 2,15 2,12 2,10 2,11 2,13 2,16 2,21 - 
2 2,39 2,35 2,33 2,31 2,30 2,34 2,30 2,38 2,41 - 
3 2,70 2,71 2,68 2,69 2,67 2,68 2,70 2,66 2,69 2,73 
4 2,87 2,82 2,74 2,75 2,73 2,74 2,76 2,77 2,80 2,93 
 
ȼɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ 
ɡɚɩɨɥɧɟɧɢɹ ɲɬɚɦɩɚ: 
1) ∆V  – ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɩɨɥɭɪɹɞɚɦɢ ɩɨ ɮɨɪɦɟ ɜɵɫɬɭɩɨɜ ɢ 
ɱɢɫɥɟɧɧɨ ɪɚɜɟɧ (V1 – V2), ɝɞɟ V1 – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ ɧɚɢɛɨɥɶɲɟɣ 
ɢ ɧɚɢɦɟɧɶɲɟɣ ɜɵɫɨɬɨɣ ɜɵɫɬɭɩɚ ɩɟɪɜɨɝɨ ɩɨɥɭɪɹɞɚ, V2 – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 
ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ ɧɚɢɛɨɥɶɲɟɣ ɢ ɧɚɢɦɟɧɶɲɟɣ ɜɵɫɨɬɨɣ ɜɵɫɬɭɩɚ ɜɬɨɪɨɝɨ ɩɨɥɭɪɹɞɚ; 
2) ∆ɇ – ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɩɨɥɭɪɹɞɚɦɢ ɩɨ ɜɵɫɨɬɟ ɜɵɫɬɭɩɨɜ ɢ 
ɱɢɫɥɟɧɧɨ ɪɚɜɟɧ (ɇ1 – ɇ2), ɝɞɟ ɇ1 – ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ ɩɟɪɜɨɝɨ ɩɨɥɭɪɹɞɚ, ɇ2 – 
ɫɪɟɞɧɹɹ ɜɵɫɨɬɚ ɜɬɨɪɨɝɨ ɩɨɥɭɪɹɞɚ.  
67 
 
Ⱦɥɹ ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɜɜɟɞɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɢɦɭɬ ɫɥɟɞɭɸɳɢɟ 
ɡɧɚɱɟɧɢɹ: V1 = 0,19 ɦɦ; V2 = 0,10 ɦɦ; ∆V = 0,09 ɦɦ; ɇ1 = 2,25 ɦɦ; ɇ2 = 2,ι4 ɦɦ; 
∆ɇ = 0,49 ɦɦ. ɉɚɪɚɦɟɬɪ V1 > V2, ɱɬɨ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɧɚɥɢɱɢɹ ɧɚɤɥɨɧɧɨɣ 
ɩɥɨɳɚɞɤɢ ɭ ɜɵɫɬɭɩɨɜ ɩɟɪɜɨɝɨ ɩɨɥɭɪɹɞɚ ɢ ɛɨɥɟɟ ɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ ɜɬɨɪɨɝɨ 
ɩɨɥɭɪɹɞɚ. ɉɚɪɚɦɟɬɪ ɇ2 > ɇ1, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɛɨɥɶɲɢɣ ɨɛɴɟɦ ɜɵɫɬɭɩɨɜ ɜɬɨɪɨɝɨ 
ɩɨɥɭɪɹɞɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɜɵɦ. 
Ⱦɟɮɟɤɬɵ ɡɚɝɨɬɨɜɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ, ɨɤɚɡɵɜɚɸɬ 
ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɬɟɤɚɧɢɟ ɜɬɨɪɨɣ ɨɩɟɪɚɰɢɢ. ɇɟɪɚɜɧɨɦɟɪɧɨɟ 
ɡɚɩɨɥɧɟɧɢɟ ɲɬɚɦɩɚ ɱɚɫɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɨɦɤɟ ɮɨɪɦɨɨɛɪɚɡɭɸɳɢɯ ɛɨɣɤɨɜ ɢ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɜɟɥɢɱɟɧɢɹ ɫɪɨɤɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɫɬɨɢɦɨɫɬɢ ɢɡɞɟɥɢɹ. ɉɨɷɬɨɦɭ 
ɞɥɹ ɞɚɧɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɨɫɬɪɨ ɫɬɨɢɬ ɡɚɞɚɱɚ ɩɨɜɵɲɟɧɢɹ 
ɪɚɜɧɨɦɟɪɧɨɫɬɢ ɡɚɩɨɥɧɟɧɢɹ ɲɬɚɦɩɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɲɬɚɦɩɨɜɤɢ. ȼ ɪɚɦɤɚɯ 
ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɞɚɥɟɟ ɛɭɞɟɬ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɩɪɨɰɟɫɫɚ ɯɨɥɨɞɧɨɣ ɲɬɚɦɩɨɜɤɢ 
ɞɧɚ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ. 
 
3.2. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɯɨɥɨɞɧɨɣ ɲɬɚɦɩɨɜɤɢ ɨɞɧɨɝɨ ɤɚɧɚɥɚ 
ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ 
 
 ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɨɞɧɨɦɭ ɨɬɜɟɪɫɬɢɸ ɤɪɚɟɜɭɸ ɡɚɞɚɱɭ ɬɚɤɨɝɨ ɬɢɩɚ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɥɢɛɨ ɜ ɨɫɟɫɢɦɦɟɬɪɢɱɧɨɣ ɩɨɫɬɚɧɨɜɤɟ, ɢ ɬɨɝɞɚ ɜ ɪɨɥɢ ɳɟɥɢ 
ɜɵɫɬɭɩɚɟɬ ɤɪɭɝɥɨɟ ɨɬɜɟɪɫɬɢɟ, ɚ ɡɚɝɨɬɨɜɤɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɤɪɭɝɥɵɣ ɰɢɥɢɧɞɪ, 
ɥɢɛɨ ɜ ɩɥɨɫɤɨɣ ɩɨɫɬɚɧɨɜɤɟ, ɢ ɬɨɝɞɚ ɜ ɪɨɥɢ ɳɟɥɢ ɜɵɫɬɭɩɚɟɬ ɨɬɜɟɪɫɬɢɟ ɜ 
ɛɟɫɤɨɧɟɱɧɨɣ ɩɥɢɬɟ, ɚ ɡɚɝɨɬɨɜɤɨɣ ɫɥɭɠɢɬ ɛɟɫɤɨɧɟɱɧɚɹ ɩɥɚɫɬɢɧɚ. 
 Ɋɚɫɫɦɨɬɪɢɦ ɨɱɚɝ ɞɟɮɨɪɦɚɰɢɢ (ɪɢɫɭɧɨɤ 3.ι) ɜ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɩɥɨɫɤɨɣ 
ɩɨɫɬɚɧɨɜɤɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ x, y, z (ɨɫɶ z 
ɧɚɩɪɚɜɥɟɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɥɨɫɤɨɫɬɢ ɱɟɪɬɟɠɚ). ȼɟɪɯɧɢɣ ɩɨɥɭɲɬɚɦɩ ɜɵɩɨɥɧɟɧ 
ɫ ɝɥɚɞɤɨɣ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ɇɢɠɧɢɣ ɩɨɥɭɲɬɚɦɩ 2 ɢɦɟɟɬ ɩɪɨɪɟɡɢ (ɳɟɥɢ), 
ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɜɨɡɦɨɠɧɨ ɢɫɬɟɱɟɧɢɟ ɦɟɬɚɥɥɚ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɜɟɪɯɧɢɣ 
ɩɨɥɭɲɬɚɦɩ ɫɢɥɵ ɩɪɟɫɫɚ Ɋ. 
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Ɋɢɫɭɧɨɤ 3.ι – ɋɯɟɦɚ ɬɟɱɟɧɢɹ ɦɟɬɚɥɥɚ ɜ ɦɧɨɝɨɪɹɞɧɨɦ ɳɟɥɟɜɨɦ ɲɬɚɦɩɟ:  
1 – ɜɟɪɯɧɢɣ ɩɨɥɭɲɬɚɦɩ; 2 – ɧɢɠɧɢɣ ɩɨɥɭɲɬɚɦɩ; 3 – ɞɟɮɨɪɦɢɪɭɟɦɵɣ ɦɟɬɚɥɥ; 
ɫɬɪɟɥɤɢ – ɧɚɩɪɚɜɥɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɹ ɦɟɬɚɥɥɚ; 4 – ɧɟɣɬɪɚɥɶɧɵɟ ɫɟɱɟɧɢɹ 
 
ɒɬɚɦɩ ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɞɥɢɧɭ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ z, ɩɨɷɬɨɦɭ ɬɟɱɟɧɢɟ ɜɞɨɥɶ 
ɷɬɨɣ ɨɫɢ ɡɚɬɪɭɞɧɟɧɨ, ɢ ɤɨɦɩɨɧɟɧɬɚ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ vz = 0. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɡɚɝɨɬɨɜɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɭɫɥɨɜɢɹɯ ɩɥɨɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 
Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɨɬɜɟɪɫɬɢɹ ɪɚɫɩɨɥɨɠɟɧɵ ɞɨɫɬɚɬɨɱɧɨ ɞɚɥɟɤɨ 
ɨɬ ɤɪɚɹ ɩɥɢɬɵ, ɢ ɩɨɷɬɨɦɭ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɫɜɨɛɨɞɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɛɨɤɭ 
ɞɟɮɨɪɦɢɪɭɟɦɚɹ ɩɥɚɫɬɢɧɚ ɧɟ ɢɦɟɟɬ.  
ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɚɪɬɢɧɚ ɬɟɱɟɧɢɹ ɭ ɤɚɠɞɨɝɨ ɢɡ ɨɬɜɟɪɫɬɢɣ ɨɤɚɠɟɬɫɹ 
ɫɢɦɦɟɬɪɢɱɧɨɣ. ȿɟ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɂɡ ɫɟɪɟɞɢɧɵ ɩɟɪɟɦɵɱɟɤ 
ɦɟɠɞɭ ɨɬɜɟɪɫɬɢɹɦɢ ɩɪɨɜɟɞɟɦ ɜɟɪɬɢɤɚɥɶɧɵɟ ɥɢɧɢɢ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɹɜɥɹɬɶɫɹ 
ɧɟɣɬɪɚɥɶɧɵɦɢ ɫɟɱɟɧɢɹɦɢ. ɋɥɟɜɚ ɢ ɫɩɪɚɜɚ ɨɬ ɧɢɯ ɩɪɢ ɨɛɠɚɬɢɢ ɩɨɥɨɫɵ ɦɟɬɚɥɥ 
ɛɭɞɟɬ ɩɟɪɟɦɟɳɚɬɶɫɹ ɡɟɪɤɚɥɶɧɨ. ɉɪɢ ɷɬɨɦ ɜɟɪɬɢɤɚɥɶɧɵɟ ɥɢɧɢɢ, ɩɪɨɯɨɞɹɳɢɟ ɱɟɪɟɡ 
ɰɟɧɬɪɵ ɨɬɜɟɪɫɬɢɣ, ɛɭɞɭɬ ɹɜɥɹɬɶɫɹ ɨɫɹɦɢ ɫɢɦɦɟɬɪɢɢ. Ɍɚɤɚɹ ɩɨɫɬɚɧɨɜɤɚ ɩɨɡɜɨɥɹɟɬ 
ɜɵɞɟɥɢɬɶ ɨɞɢɧ ɢɡ ɨɛɴɟɦɨɜ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɬɟɥɚ, ɪɚɫɫɦɨɬɪɟɬɶ ɟɝɨ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɚ ɪɟɡɭɥɶɬɚɬɵ ɬɚɤɨɝɨ ɚɧɚɥɢɡɚ ɪɚɫɩɪɨɫɬɪɚɧɢɬɶ ɧɚ ɜɟɫɶ 
ɨɛɴɟɦ ɡɚɝɨɬɨɜɤɢ.  
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ȼɜɟɞɟɦ ɫɥɟɞɭɸɳɭɸ ɫɢɫɬɟɦɭ ɨɛɨɡɧɚɱɟɧɢɣ (ɪɢɫɭɧɨɤ 3.8): l – ɲɢɪɢɧɚ ɳɟɥɢ; L 
– ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɧɟɣɬɪɚɥɶɧɵɦɢ ɫɟɱɟɧɢɹɦɢ (ɨɧɨ ɠɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɬɜɟɪɫɬɢɹɦɢ; h – ɬɟɤɭɳɚɹ ɬɨɥɳɢɧɚ ɫɥɨɹ ɩɪɢ ɟɟ ɢɡɦɟɧɟɧɢɢ ɨɬ 
ɧɚɱɚɥɶɧɨɣ H0 ɞɨ ɤɨɧɟɱɧɨɣ H1, hɩ – ɬɟɤɭɳɚɹ ɬɨɥɳɢɧɚ ɜɵɞɚɜɥɟɧɧɨɝɨ ɜ ɳɟɥɶ 
ɦɟɬɚɥɥɚ ɩɪɢ ɟɟ ɢɡɦɟɧɟɧɢɢ ɨɬ 0 ɞɨ Hɩ.  
 Ⱦɥɹ ɜɵɞɟɥɟɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢɦɟɧɢɦ ɭɫɥɨɜɢɟ 
ɩɨɫɬɨɹɧɫɬɜɚ ɨɛɴɟɦɚ: 
BhlBHLBHL  ɩ10 ,     (3.1) 
ɝɞɟ B = const – ɪɚɡɦɟɪ ɩɨɥɨɫɵ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ z. 
Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ  
 10ɩ HHl
Lh 
,      (3.2) 
ɬ.ɟ. ɬɨɥɳɢɧɚ ɜɵɞɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɡɚɜɢɫɢɬ ɨɬ ɚɛɫɨɥɸɬɧɨɝɨ ɨɛɠɚɬɢɹ, ɪɚɡɦɟɪɨɜ 
ɳɟɥɟɣ ɢ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɧɢɦɢ. 
 
Ɋɢɫɭɧɨɤ 3.8 – Ɏɪɚɝɦɟɧɬ ɬɟɱɟɧɢɹ ɦɟɬɚɥɥɚ ɜ ɦɧɨɝɨɪɹɞɧɨɦ ɳɟɥɟɜɨɦ ɲɬɚɦɩɟ: С – 
ɬɟɤɭɳɚɹ ɬɨɥɳɢɧɚ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɫɥɨɹ; Сɩ – ɬɨɥɳɢɧɚ ɜɵɞɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ; ɐɁ – 
ɰɟɧɬɪɚɥɶɧɚɹ ɡɨɧɚ, ɉɁ – ɩɟɪɢɮɟɪɢɣɧɚɹ ɡɨɧɚ; ȽɐɁ – ɝɪɚɧɢɰɚ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɵ; 
ȽɉɁ – ɝɪɚɧɢɰɚ ɩɟɪɢɮɟɪɢɣɧɨɣ ɡɨɧɵ 
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 ɉɨɩɵɬɤɚ ɩɨɫɬɪɨɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɨɟ ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ ɧɟ ɭɜɟɧɱɚɥɚɫɶ 
ɭɫɩɟɯɨɦ ɢɡ-ɡɚ ɫɥɨɠɧɨɫɬɢ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɜɫɟɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ. ɉɨɷɬɨɦɭ 
ɜɧɚɱɚɥɟ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜɵɩɨɥɧɢɥɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɟɮɨɪɦɚɰɢɢ 
ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɫɥɨɹ ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɚ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ «ɉɅȺɋɌ». ɉɪɢ 
ɧɚɥɢɱɢɢ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɬɪɟɧɢɹ ɩɨɥɭɱɢɥɢ 
ɤɚɪɬɢɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɤɨɦɩɨɧɟɧɬɵ ɩɟɪɟɦɟɳɟɧɢɹ 
uy (ɪɢɫɭɧɨɤ 3.9). Ɂɞɟɫɶ ɩɨɤɚɡɚɧɚ ɩɪɚɜɚɹ ɩɨɥɨɜɢɧɚ ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ ɢ ɥɢɧɢɢ 
ɪɚɜɧɨɝɨ ɭɪɨɜɧɹ ɫ ɨɬɧɨɫɢɬɟɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ uy (ɡɞɟɫɶ ɢ ɞɚɥɟɟ ɜɟɥɢɱɢɧɵ 
ɩɟɪɟɦɟɳɟɧɢɣ ɨɬɧɟɫɟɧɵ ɤ ɩɟɪɟɦɟɳɟɧɢɸ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɫɞɟɥɚɧɨ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ 
ɨɧɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɫɤɨɪɨɫɬɹɦ ɩɟɪɟɦɟɳɟɧɢɣ). 
 
Ɋɢɫɭɧɨɤ 3.9 – ɗɩɸɪɵ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɟɪɟɦɟɳɟɧɢɹ ɩɪɢ 
ɜɵɞɚɜɥɢɜɚɧɢɢ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɫɥɨɹ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ ɳɟɥɟɜɨɝɨ ɲɬɚɦɩɚ 
 
ɉɪɢɜɟɞɟɧɧɵɣ ɪɚɫɱɟɬ ɩɨɡɜɨɥɹɟɬ ɫɨɫɬɚɜɢɬɶ ɩɟɪɜɨɟ ɜɩɟɱɚɬɥɟɧɢɟ ɨ 
ɤɢɧɟɦɚɬɢɱɟɫɤɢ ɞɨɩɭɫɬɢɦɨɦ ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ. ȼɟɪɬɢɤɚɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 
ɩɟɪɟɦɟɳɟɧɢɣ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɫɜɟɪɯɭ ɜɧɢɡ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ 
ɢ ɧɚɨɛɨɪɨɬ, ɭɦɟɧɶɲɚɸɬɫɹ ɧɚ ɩɟɪɢɮɟɪɢɢ. ɂɡ ɪɢɫɭɧɤɚ ɬɚɤɠɟ ɜɢɞɧɨ, ɱɬɨ ɨɱɚɝ 
ɞɟɮɨɪɦɚɰɢɢ ɭɞɨɛɧɟɟ ɩɨɞɟɥɢɬɶ ɧɚ ɞɜɟ ɱɚɫɬɢ: ɰɟɧɬɪɚɥɶɧɭɸ ɢ ɩɟɪɢɮɟɪɢɣɧɭɸ, ɚ 
ɩɨɥɟ ɩɟɪɟɦɟɳɟɧɢɣ (ɢɥɢ ɫɤɨɪɨɫɬɟɣ) ɫɨɫɬɵɤɨɜɚɬɶ ɦɟɠɞɭ ɧɢɦɢ, ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ 
ɭɫɥɨɜɢɟɦ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɧɨɪɦɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɟɪɟɦɟɳɟɧɢɹ (ɢɥɢ ɫɤɨɪɨɫɬɢ) 
ɧɚ ɝɪɚɧɢɰɟ. 
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Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɟɪɟɦɟɳɟɧɢɹ ɢɦɟɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ (ɩɨ 
ɦɨɞɭɥɸ) ɡɧɚɱɟɧɢɟ (ɪɢɫɭɧɨɤ 3.10) ɜɛɥɢɡɢ ɝɪɚɧɢɰɵ ɰɟɧɬɪɚɥɶɧɨɣ ɢ ɩɟɪɢɮɟɪɢɣɧɨɣ 
ɡɨɧ ɢ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ ɜ ɰɟɧɬɪɟ ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ ɢ ɧɚ ɝɪɚɧɢɰɚɯ ɦɟɠɞɭ 
ɨɬɞɟɥɶɧɵɦɢ ɨɱɚɝɚɦɢ. 
 
Ɋɢɫɭɧɨɤ 3.10 – ɗɩɸɪɵ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɟɪɟɦɟɳɟɧɢɹ ɩɪɢ 
ɜɵɞɚɜɥɢɜɚɧɢɢ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɫɥɨɹ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ ɳɟɥɟɜɨɝɨ ɲɬɚɦɩɚ 
 
 Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɢɧɟɦɚɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɨɝɨ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ vi (i=x, y) 
ɩɪɟɞɫɬɚɜɢɦ ɞɟɮɨɪɦɢɪɭɟɦɵɣ ɨɛɴɟɦ ɜ ɜɢɞɟ ɞɜɭɯ ɩɥɚɫɬɢɱɟɫɤɢɯ ɡɨɧ ɐɁ ɢ ɉɁ ɢ 
ɫɮɨɪɦɢɪɭɟɦ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ. 
Ⱦɥɹ ɡɨɧɵ ɐɁ  
vy|y=h = -v;  vx|x=0 = 0.     (3.3) 
 
ɂɡ ɭɫɥɨɜɢɹ ɩɨɫɬɨɹɧɫɬɜɚ ɫɟɤɭɧɞɧɵɯ ɨɛɴɟɦɨɜ  
vy|y=h *  B *  L = vy|y=0 *  B *  l     (3.4) 
ɫɥɟɞɭɟɬ, ɱɬɨ 
vy|y=0 = -v *  L/l,      (3.5) 
ɱɬɨ ɹɜɥɹɟɬɫɹ ɟɳɟ ɨɞɧɢɦ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɟɦ. 
ɋ ɭɱɟɬɨɦ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɩɨɞɯɨɞɹɳɚɹ ɮɭɧɤɰɢɹ ɞɥɹ ɨɩɢɫɚɧɢɹ 
ɤɨɦɩɨɧɟɧɬɵ vy ɫɥɟɞɭɸɳɚɹ: 
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

 

 

 
h
y
l
L
vvy 111
.     (3.6) 
 
Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɬɟɧɡɨɪɚ ɫɤɨɪɨɫɬɟɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ 
ɩɨɫɥɟɞɧɟɟ ɜɵɪɚɠɟɧɢɟ ɩɨ ɤɨɨɪɞɢɧɚɬɟ y: 


 
 1
l
L
h
v
y
vy
yy
.     (3.7) 
Ⱦɥɹ ɧɟɫɠɢɦɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ  


  1
l
L
h
v
yyxx
,    (3.8) 
ɨɬɤɭɞɚ ɦɨɠɧɨ ɧɚɣɬɢ ɜɬɨɪɭɸ ɤɨɦɩɨɧɟɧɬɭ ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ: 
   yfx
l
L
h
vyfdxv xxx 

   1
,    (3.9) 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɪɚɧɢɱɧɨɝɨ ɭɫɥɨɜɢɹ vx|x=0 = 0 ɩɨɥɭɱɢɦ f(y)=0 ɢ ɨɤɨɧɱɚɬɟɥɶɧɨ 
x
l
L
h
v
vx 

  1
,    (3.10) 
ɱɬɨ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɭɫɥɨɜɢɸ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ 
vx ɜ ɡɨɧɟ ɐɁ ɹɜɥɹɟɬɫɹ ɜɨɡɪɚɫɬɚɸɳɟɣ ɩɨ ɦɨɞɭɥɸ ɮɭɧɤɰɢɟɣ ɤɨɨɪɞɢɧɚɬɵ x. 
 ɉɨɫɤɨɥɶɤɭ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɧɟɫɠɢɦɚɟɦɵɣ ɦɚɬɟɪɢɚɥ, ɬɨ ɧɚ ɝɪɚɧɢɰɟ ɡɨɧ ɐɁ ɢ 
ɉɁ ɫɥɟɞɭɟɬ ɫɨɫɬɵɤɨɜɚɬɶ ɧɨɪɦɚɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɢ, ɱɬɨɛɵ ɧɟ ɩɨɥɭɱɢɬɶ 
ɪɚɡɪɵɜɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɥɟɞɭɟɬ ɩɪɢɦɟɧɢɬɶ ɟɳɟ ɨɞɧɨ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ: 
 
ɐɁ
2/
ɉɁ
2/ || lxxlxx vv  
.     (3.11) 
 
ȼɦɟɫɬɟ ɫ ɬɟɦ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɡɨɧɵ ɐɁ, ɞɥɹ ɡɨɧɵ ɉɁ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɢɬɶ ɟɳɟ 
ɨɞɧɨ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ 
0|ɉɁ 2/ Lxxv ,     (3.12) 
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ɱɬɨ ɫɥɟɞɭɟɬ ɢɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɬɵɤɨɜɤɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ ɧɚ 
ɝɪɚɧɢɰɚɯ ɩɟɪɢɮɟɪɢɣɧɵɯ ɫɨɫɟɞɧɢɯ ɡɨɧ ȽɉɁ. 
ɉɨɫɥɟɞɧɢɦ ɞɜɭɦ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɨɞɯɨɞɹɳɚɹ ɮɭɧɤɰɢɹ 
ɜɢɞɚ 


  xL
h
v
vx 2
.      (3.13) 
Ɉɫɨɛɟɧɧɨɫɬɶɸ ɷɬɨɣ ɮɭɧɤɰɢɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɚ ɹɜɥɹɟɬɫɹ ɭɛɵɜɚɸɳɟɣ ɩɨ 
ɦɨɞɭɥɸ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɨɪɞɢɧɚɬɵ ɯ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɬɚɤɨɣ ɠɟ 
ɮɭɧɤɰɢɟɣ ɜ ɡɨɧɟ ɐɁ ɩɨɥɭɱɢɬɶ ɷɤɫɬɪɟɦɭɦ ɫɤɨɪɨɫɬɢ ɧɚ ɫɬɵɤɟ ɡɨɧ. 
ɉɨɫɥɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ vx ɩɨɥɭɱɢɦ ɞɥɹ ɡɨɧɵ ɉɁ 
h
v
x
vɯɯɯ 

.     (3.14) 
ɂɡ ɭɫɥɨɜɢɹ ɧɟɫɠɢɦɚɟɦɨɫɬɢ ɩɪɢ ɩɥɨɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ 
h
v
ɯɯyy 
,      (3.15) 
ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ: ɜɞɨɥɶ ɤɨɨɪɞɢɧɚɬɵ y ɜ ɷɬɨɣ ɡɨɧɟ ɩɪɨɢɫɯɨɞɢɬ 
ɫɠɚɬɢɟ ɦɟɬɚɥɥɚ. 
Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɢ vy ɜɵɩɨɥɧɢɦ ɨɩɟɪɚɰɢɸ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ: 
   xfy
h
v
xfdxv yyy  
,    (3.16) 
ɉɪɢɦɟɧɢɦ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ ɞɥɹ ɷɬɨɣ ɡɨɧɵ:  
0|ɉɁ0yyv
,      (3.17) 
ɩɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɤɨɬɨɪɨɝɨ ɧɚɣɞɟɦ ɩɪɨɢɡɜɨɥɶɧɭɸ ɮɭɧɤɰɢɸ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ: 
f(x)=0, ɨɤɨɧɱɚɬɟɥɶɧɨ  
y
h
v
v y 
.      (3.18) 
74 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɨɫɬɢɝɧɭɬɨ ɫɨɨɬɜɟɬɫɬɜɢɟ ɪɟɲɟɧɢɸ, ɩɨɥɭɱɟɧɧɨɦɭ ɱɢɫɥɟɧɧɵɦ 
ɦɟɬɨɞɨɦ: ɜ ɷɬɨɣ ɡɨɧɟ ɜɟɪɬɢɤɚɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɚ ɹɜɥɹɟɬɫɹ ɜɨɡɪɚɫɬɚɸɳɟɣ ɩɨ ɦɨɞɭɥɸ 
ɮɭɧɤɰɢɟɣ ɨɬ ɤɨɨɪɞɢɧɚɬɵ y. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɭɫɥɨɜɢɹɯ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɩɨɥɭɱɟɧɵ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ 
ɫɨɨɬɧɨɲɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɩɢɫɚɬɶ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɡɚɝɨɬɨɜɤɢ ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɜɫɟɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɢ ɨɝɪɚɧɢɱɟɧɢɣ [58]. ɗɬɨ ɨɬɤɪɵɜɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɨɫɢɥɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ, ɨɩɬɢɦɢɡɚɰɢɢ 
ɮɨɪɦɵ ɢɧɫɬɪɭɦɟɧɬɚ, ɭɱɟɬɚ ɜɥɢɹɧɢɹ ɬɪɟɧɢɹ ɢ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ.  
Ɉɬɞɟɥɶɧɵɦ ɜɨɩɪɨɫɨɦ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɢɡɧɨɫɚ ɲɬɚɦɩɨɜɨɱɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɢɡɧɨɫ ɥɨɤɚɥɢɡɭɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ, ɝɞɟ ɜɨɡɧɢɤɚɟɬ ɜɵɫɨɤɢɣ 
ɭɪɨɜɟɧɶ ɤɚɫɚɬɟɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɬɪɟɧɢɹ ɢ ɪɟɚɥɢɡɭɟɬɫɹ ɩɨɜɵɲɟɧɧɨɟ ɫɤɨɥɶɠɟɧɢɟ 
ɦɟɬɚɥɥɚ. ɋɤɨɥɶɠɟɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɚɡɧɨɫɬɶɸ ɩɟɪɟɦɟɳɟɧɢɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɡɚɝɨɬɨɜɤɢ. ɇɚɥɢɱɢɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢ 
ɜɨɡɦɨɠɧɨɝɨ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɩɟɪɟɦɟɳɟɧɢɣ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ 
ɩɪɢɪɚɳɟɧɢɣ ɩɟɪɟɦɟɳɟɧɢɹ ui (i = x,y) ɩɨ ɮɨɪɦɭɥɚɦ  
 
                    ,                 .  (3.19) 
 
Ⱦɚɥɟɟ ɞɥɹ ɤɪɚɬɤɨɫɬɢ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ ɩɪɢɪɚɳɟɧɢɣ ɩɟɪɟɦɟɳɟɧɢɣ ɛɭɞɭɬ 
ɧɚɡɵɜɚɬɶɫɹ ɩɪɨɫɬɨ ɩɟɪɟɦɟɳɟɧɢɹɦɢ. 
ȼ ɡɨɧɟ ɐɁ ɫɤɨɥɶɠɟɧɢɟ ɜɨɡɧɢɤɚɟɬ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ 
ɩɪɢ ɤɨɨɪɞɢɧɚɬɟ     .  
Ɍɨɝɞɚ ɞɥɹ ɡɨɧɵ ɐɁ  
 
                               ቂ  ቀ    ቁ  ቀ    ቁቃ.  (3.20) 
 
ɉɪɢ y=h           , ɬ.ɟ. ɜɟɪɯɧɢɣ ɫɥɨɣ ɦɟɬɚɥɥɚ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜɦɟɫɬɟ ɫ 
ɞɟɮɨɪɦɢɪɭɸɳɟɣ ɩɥɢɬɨɣ.  
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ɉɪɢ y=0 ɤɨɦɩɨɧɟɧɬɚ ɩɟɪɟɦɟɳɟɧɢɹ           ቂ  ቀ    ቁቃ         ɢ 
ɨɧɚ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ (ɩɨ ɦɨɞɭɥɸ) ɡɧɚɱɟɧɢɹ. 
Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɜɟɪɬɢɤɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɜɨɡɪɚɫɬɚɸɬ ɨɛɪɚɬɧɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɪɚɡɦɟɪɭ ɨɬɜɟɪɫɬɢɹ, ɤɪɨɦɟ ɬɨɝɨ, ɨɧɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɤɨɨɪɞɢɧɚɬɵ y.   
Ⱦɥɹ ɡɨɧɵ ɉɁ  
                                ቀ    ቁ.  (3.21) 
ɉɪɢ      ɩɨɥɭɱɢɦ     , ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɭɫɥɨɜɢɟɦ ɪɚɫɬɟɤɚɧɢɹ 
ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɫɥɨɹ ɜ ɞɜɚ ɫɨɫɟɞɧɢɯ ɨɬɜɟɪɫɬɢɹ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɟɫɬɶ ɧɟɣɬɪɚɥɶɧɚɹ 
ɩɥɨɫɤɨɫɬɶ, ɝɞɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɢ ɪɚɜɧɵ ɧɭɥɸ.  
ɉɪɢ      ɩɨɥɭɱɢɦ            ቀ     ቁ         ቀ    ቁ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɩɪɢ ɷɬɨɣ ɤɨɨɪɞɢɧɚɬɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵ, ɩɨɷɬɨɦɭ 
ɢɡɧɨɫ ɛɭɞɟɬ ɥɨɤɚɥɢɡɨɜɚɧ ɩɪɢ      ɥɢɛɨ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɥɢɛɨ ɧɚ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɋ ɰɟɥɶɸ ɫɪɚɜɧɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɤɨɥɶɠɟɧɢɹ 
ɦɨɠɧɨ ɜɜɟɫɬɢ ɨɬɧɨɲɟɧɢɟ            :                   ቀ    ቁ         ቀ    ቁ         ቀ    ቁ . (3.22) 
ɋɤɨɥɶɠɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɧɨɦɭ ɢɡɧɨɫɭ ɢɧɫɬɪɭɦɟɧɬɚ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɡɧɚɱɢɦɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. ɂɡ ɩɨɫɥɟɞɧɟɣ ɮɨɪɦɭɥɵ ɜɢɞɧɨ, 
ɱɬɨ ɩɨɤɚɡɚɬɟɥɶ            ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɬɨɥɳɢɧɵ ɩɨɥɨɫɵ.     
ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɨɱɚɝ ɞɟɮɨɪɦɚɰɢɢ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɜ ɤɚɠɞɨɣ 
ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɦɨɳɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɞɟɮɨɪɦɚɰɢɢ 
ɧɟɫɠɢɦɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ ɨɛɴɟɦɨɦ V 

ɩɡV
ɩɡɩɡɩɡ dVHTN , 
ɰɡV
ɰɡɰɡɰɡ dVHTN     (3.23) 
ɝɞɟ T ɢ H - ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɤɚɫɚɬɟɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɫɤɨɪɨɫɬɟɣ ɞɟɮɨɪɦɚɰɢɢ 
ɫɞɜɢɝɚ, ɚ ɢɧɞɟɤɫɵ ɨɡɧɚɱɚɸɬ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɤ ɤɨɧɤɪɟɬɧɨɣ ɡɨɧɟ. 
Ⱦɥɹ ɩɥɨɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɜɟɥɢɱɢɧɚ H ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ  
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     22222 24
3
2
xyxxxyxxyyyyxx    ,   (3.24) 
ɝɞɟ  yxjiij ,,   - ɤɨɦɩɨɧɟɧɬɵ ɞɟɜɢɚɬɨɪɚ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɜ ɞɟɤɚɪɬɨɜɵɯ 
ɤɨɨɪɞɢɧɚɬɚɯ. 
Ⱦɥɹ ɡɨɧɵ ɉɁ ɩɨɥɭɱɢɦ 0xy  ɢ  
 
h
v
xyxxɩɡ 22 22   . (3.25) 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɡɨɧɵ ɐɁ: 
 


  12
l
L
h
v
ɰɡ . (3.26) 
ȼɵɪɚɠɟɧɢɟ  ɦɨɳɧɨɫɬɢ ɜɧɭɬɪɟɧɧɢɯ ɫɢɥ ɞɥɹ ɞɜɭɯ ɡɨɧ ɞɟɮɨɪɦɚɰɢɢ  
 
 
ɰɡɩɡвɫ NNN  
ɩɡV
ɩɡɩɡ dVHT 
ɰɡV
ɰɡɰɡ dVHT
 (3.27)
 
 
ɉɪɢɦɟɧɹɹ ɭɫɥɨɜɢɟ ɬɟɤɭɱɟɫɬɢ s , ɩɨɥɭɱɢɦ 
 
])1([2 ɰɡɩɡsвɫ Vl
LV
h
vN   . (3.28) 
 
Ɉɛɴɟɦɵ, ɨɯɜɚɱɟɧɧɵɟ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɟɣ, ɩɪɢ ɢɯ ɩɪɨɬɹɠɟɧɧɨɫɬɢ B 
ɜɞɨɥɶ ɬɪɟɬɶɟɣ ɤɨɨɪɞɢɧɚɬɵ z, ɨɩɪɟɞɟɥɹɸɬɫɹ ɮɨɪɦɭɥɚɦɢ 
 
 
hBlLVɩɡ )(2
1  , lhBVɰɡ 2
1 . (3.29) 
 
ɋ ɭɱɟɬɨɦ ɩɨɫɥɟɞɧɢɯ ɮɨɪɦɭɥ ɩɨɥɭɱɢɦ  
 
vBLllLhB
h
vN ssвɫ   ])[( . (3.30) 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɳɧɨɫɬɶ ɜɧɭɬɪɟɧɧɢɯ ɫɢɥ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ 
ɪɚɡɦɟɪɨɜ ɨɬɜɟɪɫɬɢɹ ɢ ɪɚɡɦɟɪɚ ɩɥɚɫɬɢɱɟɫɤɨɣ ɡɨɧɵ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ 
ɞɟɮɨɪɦɚɰɢɢ ɩɨɞɜɟɪɝɚɟɬɫɹ ɤɚɤ ɦɚɬɟɪɢɚɥ, ɧɚɯɨɞɹɳɢɣɫɹ ɧɚɩɪɨɬɢɜ ɨɬɜɟɪɫɬɢɹ, ɬɚɤ ɢ 
ɩɥɚɫɬɢɱɟɫɤɢɣ ɫɥɨɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɦɟɠɞɭ ɜɟɪɯɧɢɦ ɢ ɧɢɠɧɢɦ ɢɧɫɬɪɭɦɟɧɬɨɦ.  
ȿɫɥɢ ɩɪɟɧɟɛɪɟɱɶ ɧɚɩɪɹɠɟɧɢɹɦɢ ɬɪɟɧɢɹ, ɬɨ ɢɫɩɨɥɶɡɭɹ ɭɫɥɨɜɢɟ ɫɨɯɪɚɧɟɧɢɹ 
ɷɧɟɪɝɢɢ, ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɞɚɜɥɟɧɢɹ ɨɫɚɞɤɢ p ɩɨɥɭɱɢɦ 
vBLBvLp s2 , ɨɬɤɭɞɚ sp 2 . 
Ɍɚɤɨɟ ɩɪɨɫɬɨɟ ɜɵɪɚɠɟɧɢɟ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ, ɩɨɬɨɦɭ ɱɬɨ ɩɨɞɨɛɪɚɧɨ ɩɨɥɟ 
ɫɤɨɪɨɫɬɟɣ, ɧɟ ɜɵɡɵɜɚɸɳɟɟ ɪɚɡɪɵɜɨɜ ɧɚ ɝɪɚɧɢɰɟ ɞɜɭɯ ɡɨɧ ɩɥɚɫɬɢɱɟɫɤɨɣ 
ɞɟɮɨɪɦɚɰɢɢ. 
Ɋɚɫɫɱɢɬɚɟɦ ɭɫɢɥɢɟ ɲɬɚɦɩɨɜɤɢ, ɩɪɢɧɹɜ ɱɬɨ 
3
s
s
  , 
КH
H 0ln . Ⱦɥɹ 
ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɲɬɚɦɩɨɜɤɢ ɤɨɧɬɚɤɬɧɚɹ ɩɥɨɳɚɞɶ ɫɨɫɬɚɜɥɹɟɬ 830 ɦɦ2, 
ɬɨɥɳɢɧɚ ɩɨɥɨɫɵ ɜ ɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ ɪɚɜɧɚ 4,0 ɦɦ, ɜ ɤɨɧɰɟ – 2,5 ɦɦ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
İ = 0,4ι. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ ɞɥɹ ɫɩɥɚɜɚ ɉɥɊɞ-10Ⱦɍ ɨɩɪɟɞɟɥɢɦ ɩɨ 
ɡɚɜɢɫɢɦɨɫɬɢ, ɧɚɣɞɟɧɧɨɣ ɜ ɩɭɧɤɬɟ 2.2. ɉɪɢ ɪɚɫɫɱɢɬɚɧɧɨɣ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ ıS 
ɫɨɫɬɚɜɢɬ θθ2 Ɇɉɚ, ɬɨɝɞɚ ĲS = 382,2 Ɇɉɚ. ɍɫɢɥɢɟ ɲɬɚɦɩɨɜɤɢ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ 
P = p · S = 2 · 382,2 · 830 = θ4,ι ɬɫ. 
 Ɋɚɫɱɟɬɧɨɟ ɭɫɢɥɢɟ ɲɬɚɦɩɨɜɤɢ ɩɪɢɦɟɪɧɨ ɜ 2 ɪɚɡɚ ɦɟɧɶɲɟ ɪɟɚɥɶɧɨɝɨ (120-130 
ɬɫ), ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɩɪɟɧɟɛɪɟɠɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹɦɢ ɬɪɟɧɢɹ. 
 
3.3. Ɉɩɪɟɞɟɥɟɧɢɟ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɯɨɥɨɞɧɨɣ ɲɬɚɦɩɨɜɤɟ 
ɨɞɧɨɝɨ ɤɚɧɚɥɚ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ 
 
Ⱥɧɚɥɢɡ ɧɚɩɪɹɠɟɧɧɨɝɨ ɢ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɨɢɡɜɟɞɟɧ ɫ 
ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ABAQUS, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱ ɜ ɨɛɥɚɫɬɢ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɵɯ ɩɪɨɱɧɨɫɬɧɵɯ ɪɚɫɱɟɬɨɜ. 
ɋɦɨɞɟɥɢɪɨɜɚɧɨ ɬɟɱɟɧɢɟ ɦɟɬɚɥɥɚ ɜɛɥɢɡɢ ɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ ɦɚɬɪɢɰɵ. ɉɟɪɜɵɦ 
ɷɬɚɩɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɹɜɥɹɥɨɫɶ ɫɨɡɞɚɧɢɟ ɞɟɬɚɥɟɣ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɯ ɬɪɢ: 
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ɲɬɚɦɩ ɫ ɨɬɜɟɪɫɬɢɟɦ (ɦɚɬɪɢɰɚ), ɡɚɝɨɬɨɜɤɚ ɢ ɩɥɢɬɚ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɤɚɠɞɨɣ ɞɟɬɚɥɢ 
ɡɚɞɚɧɵ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: ɦɨɞɟɥɢɪɭɟɦɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ – ɨɫɟɫɢɦɦɟɬɪɢɱɧɨɟ, 
ɬɢɩ ɦɚɬɟɪɢɚɥɚ ɞɟɬɚɥɟɣ – ɞɟɮɨɪɦɢɪɭɟɦɵɣ, ɨɬɨɛɪɚɠɟɧɢɟ ɞɟɬɚɥɟɣ – ɩɥɨɫɤɨɟ. Ʉɨɧɬɭɪ 
ɞɟɬɚɥɟɣ ɡɚɞɚɟɬɫɹ ɤɨɨɪɞɢɧɚɬɧɵɦ ɫɩɨɫɨɛɨɦ. ɋɛɨɪɤɚ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɡɚɝɨɬɨɜɤɢ 
ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.11. 
 
 
Ɋɢɫɭɧɨɤ 3.10 – ɋɛɨɪɤɚ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɡɚɝɨɬɨɜɤɢ ɜ ɤɨɦɩɥɟɤɫɟ ABAQUS 
 
ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɹɜɥɹɥɨɫɶ ɡɚɞɚɧɢɟ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ: ɫɬɚɥɶ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɚɹ ɲɬɚɦɩɨɜɚɹ ɢ ɩɥɚɬɢɧɚ. Ⱦɥɹ ɫɬɚɥɢ, ɢɡ 
ɤɨɬɨɪɨɣ ɢɡɝɨɬɨɜɥɟɧ ɢɧɫɬɪɭɦɟɧɬ, ɭɤɚɡɚɧɚ ɩɥɨɬɧɨɫɬɶ, ɪɚɜɧɚɹ ιι00 ɤɝ/ɦ3, ɢ ɡɚɞɚɧɵ 
ɭɩɪɭɝɢɟ ɫɜɨɣɫɬɜɚ ɫ ɩɨɦɨɳɶɸ ɦɨɞɭɥɹ ɘɧɝɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɉɭɚɫɫɨɧɚ, ɤɨɬɨɪɵɟ 
ɪɚɜɧɵ 200000 Ɇɉɚ ɢ 0,3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɥɨɬɧɨɫɬɶ ɩɥɚɬɢɧɵ ɪɚɜɧɚ 21450 ɤɝ/ɦ3, 
ɦɨɞɭɥɶ ɘɧɝɚ = 1ι0000 Ɇɉɚ, ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ = 0,3ι [6]. ɉɥɚɫɬɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɩɥɚɬɢɧɵ ɡɚɞɚɧɵ ɫɬɟɩɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ Ʌɸɞɜɢɤɚ, ɤɨɬɨɪɚɹ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɫɜɹɡɶ ɦɟɠɞɭ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɞɟɮɨɪɦɚɰɢɢ ɢ ɫɬɟɩɟɧɶɸ ɞɟɮɨɪɦɚɰɢɢ 
ɜ ɜɢɞɟ 
C
S a b    , ɝɞɟ S - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɟɮɨɪɦɚɰɢɢ,  - ɫɬɟɩɟɧɶ 
ɞɟɮɨɪɦɚɰɢɢ, a – ɩɪɟɞɟɥ ɭɩɪɭɝɨɫɬɢ, b – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɨɱɧɟɧɢɹ, c – ɩɨɤɚɡɚɬɟɥɶ 
ɭɩɪɨɱɧɟɧɢɹ. Ⱦɥɹ ɩɥɚɬɢɧɵ ɷɬɢ ɜɟɥɢɱɢɧɵ ɩɪɢɧɢɦɚɸɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: а = 100 
Ɇɉɚ, b = 148 Ɇɉɚ, ɫ = 0,573 [59]. ɋɜɨɣɫɬɜɚ ɦɟɬɚɥɥɨɜ ɢɡɨɬɪɨɩɧɵ. 
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ɇɚ ɫɨɡɞɚɧɧɭɸ ɦɨɞɟɥɶ ɧɚɥɨɠɟɧɵ ɫɥɟɞɭɸɳɢɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ. ɉɟɪɜɨɟ 
ɭɫɥɨɜɢɟ - ɠɟɫɬɤɨɟ ɡɚɤɪɟɩɥɟɧɢɟ ɲɬɚɦɩɚ ɩɨ ɧɢɠɧɟɣ ɝɪɚɧɢɰɟ ɟɝɨ ɤɨɧɬɭɪɚ, ɬɚɤ ɤɚɤ 
ɲɬɚɦɩ ɧɟɩɨɞɜɢɠɟɧ ɜ ɩɪɨɰɟɫɫɟ ɨɛɠɢɦɚ ɡɚɝɨɬɨɜɤɢ. ɋɥɟɞɭɸɳɟɟ ɭɫɥɨɜɢɟ ɡɚɞɚɧɨ ɞɥɹ 
ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɵ ɩɥɢɬɵ, ɨɧɚ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜɟɪɬɢɤɚɥɶɧɨ ɜɧɢɡ. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ 
ɞɥɹ ɢɧɫɬɪɭɦɟɧɬɚ ɡɚɞɚɧɵ ɧɟ ɩɨ ɜɫɟɦɭ ɤɨɧɬɭɪɭ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜ ɯɨɞɟ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɢɬɶ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɧɟ ɬɨɥɶɤɨ ɡɚɝɨɬɨɜɤɢ, 
ɧɨ ɢ ɢɧɫɬɪɭɦɟɧɬɚ. ɇɚ ɩɪɚɜɨɣ ɝɪɚɧɢɰɟ ɨɱɚɝɚ ɪɟɚɥɢɡɭɟɬɫɹ ɫɜɨɛɨɞɧɨɟ ɬɟɱɟɧɢɟ 
ɦɟɬɚɥɥɚ, ɞɟɣɫɬɜɭɸɳɟɟ ɜɧɟɲɧɟɟ ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ ɧɭɥɸ. ɇɚ ɝɪɚɧɢɰɟ ɤɨɧɬɚɤɬɚ 
ɡɚɝɨɬɨɜɤɢ ɫ ɦɚɬɪɢɰɟɣ ɢ ɩɥɢɬɨɣ ɪɟɚɥɢɡɭɟɬɫɹ ɫɤɨɥɶɠɟɧɢɟ. ɍɫɥɨɜɢɹ ɬɪɟɧɢɹ 
ɨɩɢɫɵɜɚɸɬɫɹ ɡɚɤɨɧɨɦ Ʉɭɥɨɧɚ. Ʉɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɩɨ Ʉɭɥɨɧɭ ɩɪɢɧɹɬ ɪɚɜɧɵɦ 
0,1. ɇɚ ɪɢɫɭɧɤɟ 3.12 ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɩɨɤɚɡɚɧɵ ɡɧɚɱɤɚɦɢ ɡɚɤɪɟɩɥɟɧɢɹ ɢ 
ɫɬɪɟɥɤɚɦɢ, ɤɨɬɨɪɵɟ ɩɪɢɧɹɬɵ ɜ ɫɨɩɪɨɦɚɬɟ. 
 
Ɋɢɫɭɧɨɤ 3.12 – Ɉɬɨɛɪɚɠɟɧɢɟ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɧɚ ɦɨɞɟɥɢ 
 
ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɹɜɥɹɥɨɫɶ ɫɨɡɞɚɧɢɟ ɫɟɬɤɢ ɢ ɚɫɫɨɰɢɚɰɢɢ 
ɫɜɨɣɫɬɜ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ⱦɥɹ ɩɥɢɬɵ ɢ ɦɚɬɪɢɰɵ 
ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɣ ɪɚɡɦɟɪ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɪɢɧɹɬ 0,5 ɦɦ, ɬɢɩ ɷɥɟɦɟɧɬɚ – 
ɱɟɬɵɪɟɯɭɝɨɥɶɧɵɣ. Ⱦɥɹ ɡɚɝɨɬɨɜɤɢ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɩɪɢɧɹɬ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚ 0,2 ɦɦ, ɬɢɩ ɹɱɟɣɤɢ – ɬɪɟɭɝɨɥɶɧɵɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
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ɞɟɮɨɪɦɢɪɭɸɳɚɹ ɩɥɢɬɚ ɪɚɡɛɢɬɚ ɧɚ 100 ɷɥɟɦɟɧɬɨɜ, ɦɚɬɪɢɰɚ ɧɚ 9θ ɷɥɟɦɟɧɬɨɜ, 
ɡɚɝɨɬɨɜɤɚ ɢɡ ɩɥɚɬɢɧɵ ɧɚ 800 ɷɥɟɦɟɧɬɨɜ. ȼ ɫɭɦɦɟ 99θ ɷɥɟɦɟɧɬɨɜ, ɱɬɨ 
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɨɝɪɚɧɢɱɟɧɢɸ ɭɧɢɜɟɪɫɢɬɟɬɫɤɨɣ ɜɟɪɫɢɢ. ɇɚ ɪɢɫɭɧɤɟ 3.13 ɩɨɤɚɡɚɧɨ 
ɪɚɡɛɢɟɧɢɟ ɨɱɚɝɚ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ɜ ɩɪɨɰɟɫɫɟ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɜɵɫɬɭɩɨɜ. 
 
Ɋɢɫɭɧɨɤ 3.13 – ɋɟɬɤɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɧɚɱɚɥɶɧɨɦ (ɚ) ɢ ɤɨɧɟɱɧɨɦ (ɛ) 
ɫɨɫɬɨɹɧɢɹɯ: 1 – ɩɥɢɬɚ; 2 – ɡɚɝɨɬɨɜɤɚ; 3 – ɲɬɚɦɩ 
 
ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɫɯɨɞɧɵɯ ɭɫɥɨɜɢɣ ɜɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɫ 
ɩɨɥɭɱɟɧɢɟɦ ɫɯɟɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɨɱɚɝɭ ɞɟɮɨɪɦɚɰɢɢ. 
ɇɚ ɪɢɫɭɧɤɟ 3.14 ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɬɟɩɟɧɢ 
ɞɟɮɨɪɦɚɰɢɢ ɩɨ ɨɱɚɝɭ ɞɟɮɨɪɦɚɰɢɢ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɦɟɬɚɥɥɚ. 
Ɉɬɨɛɪɚɠɟɧɧɚɹ ɤɚɪɬɢɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ 
ɩɨɡɜɨɥɹɟɬ, ɜ ɱɚɫɬɧɨɫɬɢ, ɨɰɟɧɢɬɶ ɭɪɨɜɟɧɶ ɧɚɝɚɪɬɨɜɤɢ ɦɟɬɚɥɥɚ ɩɨ ɨɛɴɟɦɭ. ȼɢɞɧɨ, 
ɱɬɨ ɧɚɢɛɨɥɶɲɟɣ ɞɟɮɨɪɦɚɰɢɢ (ɟ = 0,698) ɩɨɞɜɟɪɠɟɧ ɨɛɴɟɦ ɦɟɬɚɥɥɚ ɜɛɥɢɡɢ ɤɪɨɦɨɤ 
ɦɚɬɪɢɰɵ. ɗɬɨ ɞɨɥɠɧɨ ɩɪɨɜɨɰɢɪɨɜɚɬɶ ɢɡɧɨɫ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɢɦɟɧɧɨ ɷɬɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ, ɱɬɨ ɢ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɩɪɚɤɬɢɤɟ. Ⱦɥɹ ɧɢɠɧɟɣ ɫɜɨɛɨɞɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɯɚɪɚɤɬɟɪɟɧ ɩɪɨɰɟɫɫ ɛɨɱɤɨɨɛɪɚɡɨɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɡɚɩɨɥɧɟɧɢɟ ɤɨɧɭɫɚ 
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ɪɭɱɶɹ ɲɬɚɦɩɚ ɨɤɚɡɵɜɚɟɬɫɹ ɡɚɬɪɭɞɧɟɧɧɵɦ: ɩɟɪɢɮɟɪɢɣɧɵɟ ɫɥɨɢ ɫɢɥɶɧɨ ɨɬɫɬɚɸɬ ɨɬ 
ɰɟɧɬɪɚɥɶɧɵɯ. 
 
Ɋɢɫɭɧɨɤ 3.14 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ ɟ 
(ɨɛɥɚɫɬɢ ɪɚɜɧɨɝɨ ɭɪɨɜɧɹ ɢ ɬɚɛɥɢɰɚ ɢɯ ɡɧɚɱɟɧɢɣ - ɫɩɪɚɜɚ) 
 
ɇɚ ɪɢɫɭɧɤɟ 3.15 ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ Ɇɢɡɟɫɭ. 
ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ ɨɰɟɧɢɬɶ ɧɚɩɪɹɠɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɦɟɬɚɥɥɚ ɜ ɨɱɚɝɟ 
ɞɟɮɨɪɦɚɰɢɢ ɢ ɦɚɬɟɪɢɚɥɚ ɢɧɫɬɪɭɦɟɧɬɚ. 
ɇɚ ɪɢɫɭɧɤɟ 3.16 ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ, ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɧɚ 
ɩɥɚɫɬɢɱɟɫɤɭɸ ɞɟɮɨɪɦɚɰɢɸ. Ɉɰɟɧɢɜ ɡɚɬɪɚɬɵ ɧɚ ɩɥɚɫɬɢɱɟɫɤɭɸ ɞɟɮɨɪɦɚɰɢɸ, 
ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɧɟɨɛɯɨɞɢɦɵɣ ɦɢɧɢɦɭɦ ɷɧɟɪɝɢɢ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɞɚɧɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɡɚɝɪɭɡɤɭ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 
Ɋɢɫɭɧɨɤ 3.15 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɩɨ Ɇɢɡɟɫɭ 
(ɨɛɥɚɫɬɢ ɪɚɜɧɨɝɨ ɭɪɨɜɧɹ ɢ ɬɚɛɥɢɰɚ ɢɯ ɡɧɚɱɟɧɢɣ (Ɇɉɚ) – ɫɥɟɜɚ) 
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Ɋɢɫɭɧɨɤ 3.16 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɢ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ 
(ɨɛɥɚɫɬɢ ɪɚɜɧɨɝɨ ɭɪɨɜɧɹ ɢ ɬɚɛɥɢɰɚ ɢɯ ɡɧɚɱɟɧɢɣ (ɦȾɠ) - ɫɩɪɚɜɚ) 
  
ȼɵɹɜɥɟɧɧɵɟ ɷɮɮɟɤɬɵ ɩɨɡɜɨɥɹɸɬ ɥɭɱɲɟ ɩɨɧɹɬɶ ɦɟɯɚɧɢɡɦɵ ɞɟɮɨɪɦɚɰɢɢ 
ɩɥɚɬɢɧɨɫɨɞɟɪɠɚɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɩɨɡɜɨɥɹɸɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɫɚɦ ɩɪɨɰɟɫɫ, ɚ 
ɬɚɤɠɟ ɩɚɪɚɦɟɬɪɵ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ [60]. 
  
3.4. Иɡɦɟɧɟɧɢɟ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɲɬɚɦɩɨɜɤɟ ɷɥɟɦɟɧɬɚ 
ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɢ ɭɱɟɬɟ ɜɥɢɹɧɢɹ ɫɨɫɟɞɧɢɯ ɤɚɧɚɥɨɜ  
 
ȼ ɩɪɟɞɵɞɭɳɟɣ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɧɟ ɭɱɬɟɧ ɮɚɤɬ ɨɬɫɭɬɫɬɜɢɹ ɫɢɦɦɟɬɪɢɢ ɩɪɢ 
ɧɚɝɪɭɠɟɧɢɢ ɦɚɬɟɪɢɚɥɚ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɤɚɤ ɨɩɢɫɚɧɨ ɜɵɲɟ, ɫ ɨɞɧɨɝɨ ɢɡ ɬɨɪɰɨɜ 
ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɩɥɚɫɬɢɧɵ ɭɫɬɚɧɨɜɥɟɧ ɭɩɨɪ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɣ ɩɟɪɟɦɟɳɟɧɢɟ  
ɦɚɬɟɪɢɚɥɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ɉɨ ɫɭɳɟɫɬɜɭ, ɨɛɵɱɧɚɹ ɤɪɚɟɜɚɹ ɡɚɞɚɱɚ 
ɡɚɬɟɤɚɧɢɹ ɦɟɬɚɥɥɚ ɜ ɳɟɥɟɜɨɣ ɲɬɚɦɩ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɡɚɞɚɱɭ ɫ ɩɨɞɩɨɪɨɦ. ɂɡɜɟɫɬɧɨ, 
ɱɬɨ ɧɚɥɢɱɢɟ ɛɨɤɨɜɨɝɨ ɩɨɞɩɨɪɚ ɜ ɫɩɨɫɨɛɚɯ ɤɭɡɧɟɱɧɨɣ ɨɫɚɞɤɢ ɭɜɟɥɢɱɢɜɚɟɬ ɭɪɨɜɟɧɶ 
ɫɪɟɞɧɢɯ ɧɚɩɪɹɠɟɧɢɣ Д61, 62Ж, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɩɨɜɵɲɚɟɬ 
ɩɥɚɫɬɢɱɧɨɫɬɶ ɦɟɬɚɥɥɚ Д63Ж, ɚ ɜ ɞɚɧɧɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ, ɤɪɨɦɟ ɬɨɝɨ, ɩɨɡɜɨɥɹɟɬ 
ɞɨɛɢɬɶɫɹ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɪɭɱɶɟɜ ɲɬɚɦɩɚ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɜɨɡɧɢɤɚɟɬ 
ɤɚɪɬɢɧɚ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚɩɪɹɠɟɧɢɣ ɩɨɞɩɨɪɚ – ɨɧɢ ɞɟɣɫɬɜɭɸɬ ɬɨɥɶɤɨ 
ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɩɨɷɬɨɦɭ ɡɚɩɨɥɧɟɧɢɟ ɲɬɚɦɩɚ ɞɨɥɠɧɨ ɨɤɚɡɚɬɶɫɹ ɬɚɤɠɟ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɦ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɬɚɤɨɝɨ ɩɨɥɨɠɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɤ 
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ɩɪɟɞɵɞɭɳɟɦɭ ɪɟɲɟɧɢɸ ɜ ɤɨɦɩɥɟɤɫɟ ABAQUS ɨɫɭɳɟɫɬɜɥɟɧɚ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɜ 
ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ DEFORM. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɩɟɪɟɯɨɞɚ ɧɚ ɞɪɭɝɨɣ ɫɩɨɫɨɛ 
ɪɟɲɟɧɢɹ ɨɛɭɫɥɨɜɥɟɧɚ ɦɚɥɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɞɨ 1000), 
ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ ɜ ɭɧɢɜɟɪɫɢɬɟɬɫɤɨɣ ɜɟɪɫɢɢ ABAQUS.  
ȼ ɩɨɫɬɚɧɨɜɤɟ DEFORM ɫɜɨɣɫɬɜɚ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɫɩɥɚɜ ɉɥɊɞ-
10Ⱦɍ) ɡɚɞɚɧɵ ɫ ɩɨɦɨɳɶɸ ɤɪɢɜɵɯ ɭɩɪɨɱɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɩ. 2.2, ɚ ɦɚɬɟɪɢɚɥ 
ɢɧɫɬɪɭɦɟɧɬɚ ɩɪɢɧɹɬ ɚɛɫɨɥɸɬɧɨ ɠɟɫɬɤɢɦ, ɧɟɞɟɮɨɪɦɢɪɭɟɦɵɦ. ȼ ɲɬɚɦɩɟ 
ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɞɜɚ ɨɬɜɟɪɫɬɢɹ ɞɥɹ ɡɚɩɨɥɧɟɧɢɹ ɦɟɬɚɥɥɨɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ 
ɜɡɚɢɦɧɨɟ ɜɥɢɹɧɢɟ ɪɹɞɨɦ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɪɭɱɶɟɜ. ɉɪɢɦɟɧɟɧɨ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ – 
ɪɚɜɟɧɫɬɜɨ ɧɭɥɸ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɦɟɬɚɥɥɚ ɜ ɥɟɜɨɦ ɧɚɩɪɚɜɥɟɧɢɢ.  
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ (ɪɢɫɭɧɨɤ 3.1ι), ɞɥɹ ɬɚɤɨɝɨ ɫɥɭɱɚɹ ɞɟɮɨɪɦɚɰɢɢ 
ɯɚɪɚɤɬɟɪɧɚ ɧɟɫɢɦɦɟɬɪɢɱɧɚɹ ɤɚɪɬɢɧɚ ɡɚɩɨɥɧɟɧɢɹ ɪɭɱɶɹ: ɧɚɥɢɱɢɟ ɩɨɥɨɝɨɣ 
ɜɵɩɭɤɥɨɫɬɢ ɫɥɟɜɚ ɢ ɛɨɥɟɟ ɤɪɭɬɨɣ ɜɵɩɭɤɥɨɫɬɢ ɫɩɪɚɜɚ. Ɍɚɤɚɹ ɧɟɫɢɦɦɟɬɪɢɱɧɨɫɬɶ 
ɫɨɡɞɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɪɭɞɧɨɫɬɢ ɜ ɩɨɫɥɟɞɭɸɳɢɯ ɨɩɟɪɚɰɢɹɯ ɨɛɪɚɛɨɬɤɢ ɢɡɞɟɥɢɹ, 
ɩɨɷɬɨɦɭ ɧɟɠɟɥɚɬɟɥɶɧɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɵɹɜɥɟɧɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɤɚɤ ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɡɚɩɨɥɧɹɟɦɵɯ ɨɛɴɟɦɨɜ, ɬɚɤ ɢ 
ɦɟɠɞɭ ɞɜɭɦɹ ɪɭɱɶɹɦɢ. Ɇɟɧɶɲɢɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚɛɥɸɞɚɸɬɫɹ ɜ 
ɥɟɜɨɦ ɩɨ ɪɢɫɭɧɤɭ ɪɭɱɶɟ ɲɬɚɦɩɚ ɢ ɛɨɥɶɲɢɟ - ɜ ɩɪɚɜɨɦ. ɗɬɨ ɩɪɢɜɨɞɢɬ, ɜ ɱɚɫɬɧɨɫɬɢ 
ɤ ɬɨɦɭ, ɱɬɨ ɩɪɚɜɵɣ ɪɭɱɟɣ ɛɨɥɶɲɟ ɡɚɩɨɥɧɟɧ ɦɟɬɚɥɥɨɦ.  
ȼɵɩɨɥɧɟɧɨ ɫɪɚɜɧɟɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɫ ɩɪɚɤɬɢɱɟɫɤɢ ɞɨɫɬɢɝɚɟɦɵɦ 
ɪɟɡɭɥɶɬɚɬɨɦ. ɇɚ ɪɢɫɭɧɤɟ 3.18 ɩɨɤɚɡɚɧ ɩɪɨɮɢɥɶ ɩɥɚɬɢɧɨɜɨɣ ɩɥɚɫɬɢɧɵ ɩɨɫɥɟ 
ɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ ɲɬɚɦɩɨɜɤɢ. ȼɢɞɧɨ, ɱɬɨ ɮɨɪɦɚ ɜɵɫɬɭɩɨɜ ɧɚ ɩɥɚɫɬɢɧɟ ɪɚɡɥɢɱɧɚ, 
ɜɢɞɟɧ ɬɚɤɠɟ ɧɟɫɢɦɦɟɬɪɢɱɧɵɣ ɜɢɞ ɜɵɫɬɭɩɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚɧɨɜɥɟɧɨ 
ɤɚɱɟɫɬɜɟɧɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱɟɬɚ ɢ ɪɟɚɥɶɧɨɣ ɤɚɪɬɢɧɨɣ 
ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɦɟɬɚɥɥɚ. 
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    ɚ       ɛ 
Ɋɢɫɭɧɨɤ 3.1ι – ɉɪɨɮɢɥɢ ɡɚɩɨɥɧɟɧɢɹ ɞɜɭɯ ɪɹɞɨɦ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɪɭɱɶɟɜ ɲɬɚɦɩɚ ɢ 
ɡɧɚɱɟɧɢɹ (ɰɜɟɬɧɵɟ ɭɪɨɜɧɢ) ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ (ɚ) ɫ ɰɜɟɬɨɜɵɦ ɤɥɸɱɨɦ (ɛ) 
 
 Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɲɚɝɚ ɨɛɪɚɛɨɬɤɢ ɧɚ ɞɟɮɟɤɬɧɨɫɬɶ ɡɚɝɨɬɨɜɤɢ ɩɨɫɥɟ ɩɟɪɜɨɣ 
ɨɩɟɪɚɰɢɢ ɥɢɫɬɨɜɨɣ ɲɬɚɦɩɨɜɤɢ ɮɢɥɶɟɪɧɨɝɨ ɞɧɚ ɩɪɨɢɡɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ DEFηRε-3D, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɜ ɨɛɥɚɫɬɢ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɵɯ ɪɚɫɱɟɬɨɜ ɩɪɨɰɟɫɫɨɜ ɈɆȾ. Ȼɵɥɨ 
ɩɪɨɢɡɜɟɞɟɧɨ ɞɜɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɪɚɡɥɢɱɧɵɦ ɲɚɝɨɦ ɨɛɪɚɛɨɬɤɢ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ 
ɨɩɟɪɚɰɢɢ ɫ ɲɚɝɨɦ ɨɛɪɚɛɨɬɤɢ 3 ɦɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ. Ⱦɥɹ 
ɨɩɵɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɲɚɝ 12 ɦɦ, ɜɵɛɪɚɧɧɵɣ ɢɫɯɨɞɹ ɢɡ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɲɬɚɦɩɚ. 
ɉɟɪɜɵɦ ɷɬɚɩɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɹɜɥɹɥɨɫɶ ɫɨɡɞɚɧɢɟ ɢɫɯɨɞɧɨɣ ɝɟɨɦɟɬɪɢɢ 
ɢɧɫɬɪɭɦɟɧɬɚ (ɛɨɟɤ, ɲɬɚɦɩ) ɢ ɡɚɝɨɬɨɜɤɢ ɜ CAD-ɩɚɤɟɬɟ Ʉɨɦɩɚɫ. ɂɧɫɬɪɭɦɟɧɬ ɩɪɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɤɚɤ ɚɛɫɨɥɸɬɧɨ ɠɟɫɬɤɨɟ ɬɟɥɨ, ɡɚɝɨɬɨɜɤɚ – 
ɩɥɚɫɬɢɱɧɨɟ ɬɟɥɨ. Ɍɚɤɠɟ ɛɵɥɢ ɡɚɞɚɧɵ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ 
ɡɚɝɨɬɨɜɤɢ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɦɟɠɞɭ ɡɚɝɨɬɨɜɤɨɣ ɢ ɢɧɫɬɪɭɦɟɧɬɨɦ, ɫɤɨɪɨɫɬɶ 
ɞɜɢɠɟɧɢɹ ɛɨɣɤɚ, ɤɨɧɟɱɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɢɧɫɬɪɭɦɟɧɬɚɦɢ.  
 Ɋɟɡɭɥɶɬɚɬɵ ɩɟɪɜɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.18. ȼɢɞɧɨ, ɱɬɨ 
ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ: ɩɟɪɜɵɣ ɩɨɥɭɪɹɞ 
85 
 
ɜɵɫɬɭɩɨɜ ɢɦɟɟɬ ɦɚɥɵɣ ɨɛɴɟɦ ɢ ɧɚɤɥɨɧɧɭɸ ɩɥɨɳɚɞɤɭ, ɜɬɨɪɨɣ ɩɨɥɭɪɹɞ ɨɛɥɚɞɚɟɬ 
ɛɨɥɶɲɢɦ ɨɛɴɟɦɨɦ ɦɟɬɚɥɥɚ ɢ ɤɨɧɭɫɨɜɢɞɧɨɣ ɮɨɪɦɨɣ. ɇɚ ɪɢɫɭɧɤɟ 3.19 ɩɨɤɚɡɚɧɨ 
ɪɚɫɱɟɬɧɨɟ ɭɫɢɥɢɟ ɲɬɚɦɩɨɜɤɢ, ɤɨɬɨɪɨɟ ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 120-135 ɬɫ, ɱɬɨ ɜ 
ɪɚɦɤɚɯ ɢɧɠɟɧɟɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ. 
 
 
Ɋɢɫɭɧɨɤ 3.18 – Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɧɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ 
ɫ ɲɚɝɨɦ ɨɛɪɚɛɨɬɤɢ 3 ɦɦ 
 
Ɋɢɫɭɧɨɤ 3.19 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɭɫɢɥɢɹ ɲɬɚɦɩɨɜɤɢ ɩɪɢ ɲɚɝɟ ɨɛɪɚɛɨɬɤɢ 3 ɦɦ 
 
Ɋɟɡɭɥɶɬɚɬɵ ɜɬɨɪɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.20. Ɇɨɠɧɨ 
ɡɚɦɟɬɢɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɤɚɪɬɢɧɵ ɡɚɩɨɥɧɟɧɢɹ ɲɬɚɦɩɚ: ɩɟɪɜɵɣ ɩɨɥɭɪɹɞ 
ɜɵɫɬɭɩɨɜ ɫɬɚɥ ɢɦɟɬɶ ɛɨɥɟɟ ɩɪɚɜɢɥɶɧɭɸ ɤɨɧɭɫɨɜɢɞɧɭɸ ɮɨɪɦɭ, ɟɝɨ ɨɛɴɟɦ 
86 
 
ɭɜɟɥɢɱɢɥɫɹ ɩɪɢɦɟɪɧɨ ɜ ɞɜɚ ɪɚɡɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɤɥɨɧɧɚɹ ɩɥɨɳɚɞɤɚ ɩɨɹɜɢɥɚɫɶ ɧɚ 
ɜɬɨɪɨɦ ɩɨɥɭɪɹɞɟ, ɨɞɧɚɤɨ ɩɪɢ ɬɚɤɨɣ ɜɵɫɨɬɟ ɜɵɫɬɭɩɨɜ ɷɬɚ ɩɥɨɳɚɞɤɚ ɧɟ ɹɜɥɹɟɬɫɹ 
ɞɟɮɟɤɬɨɦ, ɬ.ɤ. ɡɚɝɨɬɨɜɤɚ ɩɨɞɜɟɪɝɧɟɬɫɹ ɞɚɥɶɧɟɣɲɟɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. ɇɚ 
ɪɢɫɭɧɤɟ 3.21 ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭɫɢɥɢɟ ɲɬɚɦɩɨɜɤɢ ɜɨɡɪɨɫɥɨ ɜ ɫɜɹɡɢ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɬɚɤɬɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɫɨɫɬɚɜɢɥɨ ɡɧɚɱɟɧɢɟ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 200 ɞɨ 
300 ɬɫ. 
 
Ɋɢɫɭɧɨɤ 3.20 – Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɮɨɪɦɨɢɡɦɟɧɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɧɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ 
ɫ ɲɚɝɨɦ ɨɛɪɚɛɨɬɤɢ 12 ɦɦ 
 
Ɋɢɫɭɧɨɤ 3.21 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɭɫɢɥɢɹ ɲɬɚɦɩɨɜɤɢ ɩɪɢ ɲɚɝɟ ɨɛɪɚɛɨɬɤɢ 12 ɦɦ 
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Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɪɚɰɩɪɟɞɥɨɠɟɧɢɹ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɨɩɵɬɧɚɹ 
ɩɟɪɜɚɹ ɨɩɟɪɚɰɢɹ ɲɬɚɦɩɨɜɤɢ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɥɨɳɚɞɤɟ ɈȺɈ «ȿɁ ɈɐɆ». 
Ȼɵɥɢ ɨɛɟɫɩɟɱɟɧɵ ɬɟ ɠɟ ɫɚɦɵɟ ɭɫɥɨɜɢɹ, ɱɬɨ ɢ ɜ ɩ. 3.1, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɲɚɝɚ 
ɨɛɪɚɛɨɬɤɢ, ɤɨɬɨɪɵɣ ɛɵɥ ɭɜɟɥɢɱɟɧ ɫ 3 ɦɦ ɞɨ 12 ɦɦ, ɚ ɬɚɤɠɟ ɭɫɢɥɢɹ ɩɪɟɫɫɚ, 
ɤɨɬɨɪɨɟ ɭɜɟɥɢɱɟɧɨ ɞɨ 250 ɬɫ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɤɨɧɟɱɧɨɣ ɬɨɥɳɢɧɵ 
ɩɨɥɨɫɵ. ɂɡɦɟɪɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɜɵɫɬɭɩɨɜ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɩɨ ɦɟɬɨɞɢɤɟ, ɭɤɚɡɚɧɧɨɣ 
ɜ ɩ. 3.1, ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2. 
 
Ɍɚɛɥɢɰɚ 3.2 – Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɬɵ ɜɵɫɬɭɩɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɨɩɵɬɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ 
№ ɬɨɱɤɢ ɡɚɦɟɪɚ ȼɵɫɨɬɚ ɜɵɫɬɭɩɚ, ɦɦ 
1 3,53 3,51 3,50 3,49 3,49 3,50 3,53 3,51 3,52 - 
2 3,55 3,53 3,51 3,52 3,50 3,51 3,53 3,52 3,53 - 
3 3,58 3,57 3,55 3,56 3,55 3,56 3,58 3,57 3,59 3,60 
4 3,85 3,81 3,78 3,76 3,75 3,77 3,78 3,82 3,83 3,86 
 
Ɋɚɫɫɱɢɬɚɟɦ ɩɚɪɚɦɟɬɪɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɡɚɩɨɥɧɟɧɢɹ 
ɲɬɚɦɩɚ (ɬɚɛɥɢɰɚ 3.3), ɢɯ ɡɧɚɱɟɧɢɹ ɫɨɩɨɫɬɚɜɥɟɧɵ ɫ ɨɩɵɬɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ, 
ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 3.1. 
 
Ɍɚɛɥɢɰɚ 3.3 – ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɲɬɚɦɩɨɜɤɢ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɢ ɨɩɵɬɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ 
ɉɚɪɚɦɟɬɪ ɋɬɚɧɞɚɪɬɧɚɹ ɬɟɯɧɨɥɨɝɢɹ Ɉɩɵɬɧɚɹ ɬɟɯɧɨɥɨɝɢɹ 
V1 0,19 0,01 
V2 0,10 0,23 
∆V 0,09 - 0,22 
ɇ1 2,25 3,52 
ɇ2 2,74 3,67 
∆ɇ 0,49 0,15 
 
88 
 
ɉɚɪɚɦɟɬɪ V1 ɭɦɟɧɶɲɢɥɫɹ ɫ 0,19 ɞɨ 0,01 ɦɦ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɛɨɥɟɟ 
ɪɚɜɧɨɦɟɪɧɨɦ ɡɚɩɨɥɧɟɧɢɢ ɨɬɜɟɪɫɬɢɣ ɩɟɪɜɨɝɨ ɩɨɥɭɪɹɞɚ, ɢɡɦɟɧɟɧɢɟ ɜ ɥɭɱɲɭɸ 
ɫɬɨɪɨɧɭ ɩɪɨɢɡɨɲɥɨ ɜ 19 ɪɚɡ. ɉɚɪɚɦɟɬɪ V2 ɭɜɟɥɢɱɢɥɫɹ ɫ 0,10 ɞɨ 0,23 ɦɦ – ɷɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɨɹɜɥɟɧɢɢ ɧɚɤɥɨɧɧɨɣ ɩɥɨɳɚɞɤɢ ɧɚ ɜɬɨɪɨɦ ɩɨɥɭɪɹɞɟ ɜɵɫɬɭɩɨɜ, 
ɨɞɧɚɤɨ ɷɬɨ ɧɟ ɹɜɥɹɟɬɫɹ ɞɟɮɟɤɬɨɦ ɜ ɫɭɳɟɫɬɜɭɸɳɟɣ ɬɟɯɧɨɥɨɝɢɢ. ɉɚɪɚɦɟɬɪɵ ɇ1 ɢ 
ɇ2 ɬɚɤɠɟ ɭɜɟɥɢɱɢɥɢɫɶ ɫ 2,25 ɦɦ ɞɨ 3,52 ɦɦ ɢ ɫ 2,ι4 ɞɨ 3,θι ɦɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɡɧɚɱɢɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɲɚɝɚ ɨɛɪɚɛɨɬɤɢ ɡɚɩɨɥɧɟɧɢɟ ɲɬɚɦɩɚ ɫɬɚɥɨ ɛɨɥɟɟ ɩɨɥɧɵɦ. 
ɉɚɪɚɦɟɬɪ ∆ɇ ɭɦɟɧɶɲɢɥɫɹ – ɡɚɩɨɥɧɟɧɢɟ ɫɬɚɥɨ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɵɦ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɚɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɭɜɟɥɢɱɟɧɢɹ ɲɚɝɚ ɨɛɪɚɛɨɬɤɢ ɩɪɢɜɟɥɚ ɤ 
ɛɨɥɟɟ ɫɢɦɦɟɬɪɢɱɧɨɦɭ ɢ ɛɨɥɟɟ ɩɨɥɧɨɦɭ ɡɚɩɨɥɧɟɧɢɸ ɨɬɜɟɪɫɬɢɣ ɲɬɚɦɩɚ. Ɉɞɧɚɤɨ 
ɨɧɚ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɢ ɭɜɟɥɢɱɟɧɢɟ ɭɫɢɥɢɹ ɲɬɚɦɩɨɜɤɢ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ. 
ɒɬɚɦɩɨɜɤɚ ɞɧɚ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ, ɝɞɟ ɨɩɟɪɚɰɢɹ ɜɵɞɚɜɥɢɜɚɧɢɹ 
ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɫɥɨɹ ɹɜɥɹɟɬɫɹ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɣ ɩɟɪɟɞ ɨɮɨɪɦɥɟɧɢɟɦ ɨɬɜɟɪɫɬɢɣ ɜ 
ɮɢɥɶɟɪɧɵɯ ɪɹɞɚɯ, ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɪɨɦ ɜɚɪɢɚɧɬɚ ɯɨɥɨɞɧɨɣ ɲɬɚɦɩɨɜɤɢ, ɜ ɤɨɬɨɪɨɦ ɜ 
ɲɬɚɦɩɟ ɜɵɩɨɥɧɟɧɨ ɦɧɨɝɨ ɨɬɜɟɪɫɬɢɣ.  
 
3.5. ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 
  
1. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɨɩɟɪɚɰɢɣ ɲɬɚɦɩɨɜɤɢ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɫɬɚɧɞɚɪɬɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɤɢ 
ɧɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɲɬɚɦɩɨɜɤɢ ɞɧɚ ɩɪɢɜɨɞɢɬ ɤ ɢɧɬɟɧɫɢɜɧɨɦɭ ɩɪɨɞɨɥɶɧɨɦɭ 
ɬɟɱɟɧɢɸ ɦɟɬɚɥɥɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɞɟɮɟɤɬɨɜ. ɇɚɛɥɸɞɚɟɬɫɹ ɹɜɧɨɟ 
ɨɬɥɢɱɢɟ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɩɨɥɭɪɹɞɚ ɤɚɠɞɨɝɨ ɪɹɞɚ ɜɵɫɬɭɩɨɜ ɩɨ ɮɨɪɦɟ, ɜɫɥɟɞɫɬɜɢɟ 
ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɨɬɜɟɪɫɬɢɣ ɲɬɚɦɩɚ. Ɍɚɤɠɟ ɜɵɫɬɭɩɵ ɜɬɨɪɨɝɨ 
ɩɨɥɭɪɹɞɚ ɢɦɟɸɬ ɛɨɥɶɲɭɸ ɜɵɫɨɬɭ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɜɵɦ ɩɨɥɭɪɹɞɨɦ. Ⱦɟɮɟɤɬɵ 
ɡɚɝɨɬɨɜɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ, ɨɤɚɡɵɜɚɸɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɩɪɨɬɟɤɚɧɢɟ ɜɬɨɪɨɣ ɨɩɟɪɚɰɢɢ. ɇɟɪɚɜɧɨɦɟɪɧɨɟ ɡɚɩɨɥɧɟɧɢɟ ɲɬɚɦɩɚ ɱɚɫɬɨ ɩɪɢɜɨɞɢɬ 
ɤ ɩɨɥɨɦɤɟ ɮɨɪɦɨɨɛɪɚɡɭɸɳɢɯ ɛɨɣɤɨɜ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɜɟɥɢɱɟɧɢɹ ɫɪɨɤɚ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɫɬɨɢɦɨɫɬɢ ɢɡɞɟɥɢɹ. ɉɨɷɬɨɦɭ ɞɥɹ ɞɚɧɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
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ɩɪɨɰɟɫɫɚ ɨɫɬɪɨ ɫɬɨɢɬ ɡɚɞɚɱɚ ɩɨɜɵɲɟɧɢɹ ɪɚɜɧɨɦɟɪɧɨɫɬɢ ɡɚɩɨɥɧɟɧɢɹ ɲɬɚɦɩɚ 
ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɲɬɚɦɩɨɜɤɢ. 
2. Ⱥɧɚɥɢɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɪɟɲɟɧɚ ɤɪɚɟɜɚɹ ɡɚɞɚɱɚ ɯɨɥɨɞɧɨɣ ɲɬɚɦɩɨɜɤɢ 
ɨɞɧɨɝɨ ɤɚɧɚɥɚ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ, ɩɨɫɬɪɨɟɧɨ ɩɨɥɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢ 
ɜɨɡɦɨɠɧɵɯ ɫɤɨɪɨɫɬɟɣ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɢɯ ɪɚɡɪɵɜɨɜ, ɩɨɥɭɱɟɧɵ ɮɨɪɦɭɥɵ ɞɥɹ 
ɨɰɟɧɤɢ ɷɧɟɪɝɨɫɢɥɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ. 
3. ɋ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨɫɬɚɜɥɟɧɚ ɤɪɚɟɜɚɹ ɡɚɞɚɱɚ 
ɦɧɨɝɨɤɚɧɚɥɶɧɨɣ ɲɬɚɦɩɨɜɤɢ ɞɧɚ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɢɡ ɩɥɚɬɢɧɨɜɨɝɨ 
ɫɩɥɚɜɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɲɚɝɚ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɤɢ ɞɨ ɡɧɚɱɟɧɢɹ ɤɪɚɬɧɨ 
ɪɚɜɧɨɦɭ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɫɟɞɧɢɦɢ ɪɹɞɚɦɢ ɜɵɫɬɭɩɨɜ ɩɨɡɜɨɥɹɟɬ 
ɭɦɟɧɶɲɢɬɶ ɞɟɮɟɤɬɧɨɫɬɶ ɡɚɝɨɬɨɜɤɢ ɩɨɫɥɟ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɲɬɚɦɩɨɜɤɢ ɞɧɹ 
ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ. Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɪɚɰɩɪɟɞɥɨɠɟɧɢɟ ɜɧɟɞɪɟɧɨ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ ɈȺɈ «ȿɁ ɈɐɆ», ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɚɤɬɨɦ ɜɧɟɞɪɟɧɢɹ (ɩɪɢɥɨɠɟɧɢɟ ɉ1). 
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4. ȺɇȺɅɂɁ ȽɈɊəɑȿɃ ɒɌȺɆɉɈȼɄɂ ȼ ɌȿɏɇɈɅɈȽɂɂ ɉɊɈɂɁȼɈȾɋɌȼȺ 
ɌɂȽɅȿɃ 
 
4.1. ɉɨɫɬɚɧɨɜɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɢɝɥɹ ɢɡ ɢɪɢɞɢɹ 
 
ɐɟɥɶɧɨɲɬɚɦɩɨɜɚɧɧɵɣ ɢɪɢɞɢɟɜɵɣ ɬɢɝɟɥɶ, ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɜɚɪɧɵɯ ɲɜɨɜ, ɚɩɪɢɨɪɢ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɩɨɜɵɲɟɧɧɵɦ ɫɪɨɤɨɦ ɫɥɭɠɛɵ. ȼ ɪɚɦɤɚɯ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ ɝɨɪɹɱɟɣ 
ɜɵɬɹɠɤɢ ɬɢɝɥɹ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɫɥɟɞɭɸɳɢɟ ɜɚɪɢɚɧɬɵ 
ɬɟɯɧɨɥɨɝɢɢ: 
1) ȼɵɬɹɠɤɚ ɡɚ ɞɜɚ ɩɟɪɟɯɨɞɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɞɜɢɠɧɨɝɨ ɩɪɢɠɢɦɚ; 
2) ȼɵɬɹɠɤɚ ɡɚ ɲɟɫɬɶ ɩɟɪɟɯɨɞɨɜ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢɠɢɦɚ; 
3) ȼɵɬɹɠɤɚ ɡɚ ɨɞɢɧ ɩɟɪɟɯɨɞ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɟɩɨɞɜɢɠɧɨɝɨ ɩɪɢɠɢɦɚ; 
4) ȼɵɬɹɠɤɚ ɡɚ ɨɞɢɧ ɩɟɪɟɯɨɞ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɟɩɨɞɜɢɠɧɨɝɨ ɩɪɢɠɢɦɚ ɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɧɟɩɨɞɜɢɠɧɨɝɨ ɩɪɢɠɢɦɚ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɤɥɚɞɨɤ. 
Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɝɨɪɹɱɟɣ ɜɵɬɹɠɤɢ ɬɢɝɥɹ ɜ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ 
PAM-STAεP 2G ɢ QFORM 7.  
 Ɇɨɞɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ ɢ ɡɚɝɨɬɨɜɤɢ ɛɵɥɢ ɩɨɞɝɨɬɨɜɥɟɧɵ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 
ɤɨɦɩɥɟɤɫɟ ɄɈɆɉȺɋ 3D. ɉɟɪɟɞ ɩɟɪɟɞɚɱɟɣ ɦɨɞɟɥɟɣ ɜ ɪɟɞɚɤɬɨɪ ɩɨɫɬɪɨɟɧɢɹ 
ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɫɟɬɤɢ ɢ ɨɫɧɨɜɧɨɣ ɪɚɫɱɟɬɧɵɣ ɦɨɞɭɥɶ ɩɪɨɝɪɚɦɦ PAε-STAMP 
ɢ QFORM ɩɪɨɜɨɞɢɥɚɫɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɩɪɨɪɚɛɨɬɤɚ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɥɚ 
ɨɩɪɟɞɟɥɟɧɢɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɪɚɫɱɟɬɚ ɱɚɫɬɟɣ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɡɚɝɨɬɨɜɨɤ, ɢɯ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ, ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɞɥɹ ɩɟɪɟɞɚɱɢ ɜ ɫɟɬɨɱɧɵɣ ɝɟɧɟɪɚɬɨɪ. 
 ɉɨɞɝɨɬɨɜɥɟɧɧɚɹ ɝɟɨɦɟɬɪɢɹ ɛɵɥɚ ɨɛɪɚɛɨɬɚɧɚ ɜ ɫɟɬɨɱɧɨɦ ɝɟɧɟɪɚɬɨɪɟ 
ɩɪɨɝɪɚɦɦɵ PAε-STAMP - DeltaMesh ɢ ɫɟɬɨɱɧɨɦ ɝɟɧɟɪɚɬɨɪɟ ɩɪɨɝɪɚɦɦɵ QFORM 
- QShape. ɉɨ ɡɚɞɚɧɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɩɨɫɬɪɨɟɧɢɟ ɫɟɬɤɢ ɤɨɧɟɱɧɵɯ 
ɷɥɟɦɟɧɬɨɜ. 
 ɉɨɫɥɟ ɷɬɨɝɨ ɫɨɡɞɚɧɧɵɟ ɫɟɬɨɱɧɵɟ ɦɨɞɟɥɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 
ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɜ ɩɪɨɝɪɚɦɦɚɯ. Ⱦɥɹ ɤɚɠɞɨɣ ɞɟɬɚɥɢ ɫɨɡɞɚɧ ɫɜɨɣ ɨɬɞɟɥɶɧɵɣ 
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ɩɪɨɟɤɬ. ɉɪɨɢɡɜɟɞɟɧ ɢɦɩɨɪɬ ɦɨɞɟɥɟɣ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɡɚɝɨɬɨɜɨɤ, ɤɨɬɨɪɵɟ ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɨɡɦɨɠɧɨ ɪɟɞɚɤɬɢɪɨɜɚɬɶ ɜ ɫɚɦɨɣ ɩɪɨɝɪɚɦɦɟ. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
ɨɫɭɳɟɫɬɜɥɟɧɚ ɩɨɥɧɨɫɬɶɸ ɜɪɭɱɧɭɸ; ɜ ɧɟɟ ɜɯɨɞɢɥɢ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: ɡɚɞɚɧɢɟ 
ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ, ɜɧɟɫɟɧɢɟ ɜɫɟɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ 
ɜɵɬɹɠɤɢ, ɭɫɬɚɧɨɜɤɚ ɩɚɪɚɦɟɬɪɨɜ ɪɟɲɚɬɟɥɹ. Ɂɚɬɟɦ ɩɪɨɢɡɜɟɞɟɧ ɡɚɩɭɫɤ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɩɨɫɥɟ ɟɝɨ ɨɤɨɧɱɚɧɢɹ - ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ. ɉɨɞɪɨɛɧɨɟ 
ɨɩɢɫɚɧɢɟ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɪɚɫɱɟɬɚ ɜ ɨɛɨɢɯ 
ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɚɯ. Ⱦɥɹ ɨɫɬɚɥɶɧɵɯ ɜɚɪɢɚɧɬɨɜ ɩɨɫɬɚɧɨɜɤɚ ɚɧɚɥɨɝɢɱɧɚ. 
  
4.1.1. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɜɵɬɹɠɤɢ ɬɢɝɥɹ ɜ ɩɪɨɝɪɚɦɦɟ QFORM 
 
 ɂɫɯɨɞɧɚɹ ɝɟɨɦɟɬɪɢɹ ɲɬɚɦɩɨɜɨɣ ɨɫɧɚɫɬɤɢ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɩɪɨɜɟɞɟɧɢɹ 
ɩɪɨɰɟɫɫɚ ɜɵɬɹɠɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.1. Ⱦɚɧɧɚɹ ɝɟɨɦɟɬɪɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɞɜɟ ɦɚɬɪɢɰɵ ɫ ɨɬɜɟɪɫɬɢɟɦ ɞɢɚɦɟɬɪɨɦ 130,50 ɢ 100,00 ɦɦ, ɞɥɹ ɩɟɪɜɨɝɨ ɢ 
ɜɬɨɪɨɝɨ ɩɟɪɟɯɨɞɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɜɚ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɩɭɚɧɫɨɧɚ 128,25 ɢ 9ι,ι5 
ɦɦ, ɞɥɹ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɩɟɪɟɯɨɞɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɬɚɤɠɟ ɩɪɢɠɢɦ ɞɥɹ ɩɟɪɜɨɝɨ 
ɩɟɪɟɯɨɞɚ. 
ɉɨɫɬɪɨɟɧɢɟ ɝɟɨɦɟɬɪɢɢ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜ ɩɪɨɝɪɚɦɦɟ ɄɈɆɉȺɋ 3D. ɉɨ 
ɩɪɢɜɟɞɟɧɧɵɦ ɪɚɡɦɟɪɚɦ ɩɨɥɭɱɟɧɵ ɱɟɪɬɟɠɢ, ɚ ɡɚɬɟɦ ɬɪɟɯɦɟɪɧɵɟ ɦɨɞɟɥɢ ɨɫɧɚɫɬɤɢ. 
Ɋɟɡɭɥɶɬɚɬɵ ɩɨɫɬɪɨɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.2. 
Ⱦɚɧɧɚɹ ɝɟɨɦɟɬɪɢɹ ɩɨɫɥɟ ɩɨɫɬɪɨɟɧɢɹ ɷɤɫɩɨɪɬɢɪɨɜɚɥɚɫɶ ɜ ɮɨɪɦɚɬɚɯ *.dxf – 
ɞɥɹ ɱɟɪɬɟɠɟɣ ɢ *.igs, *.stp – ɞɥɹ ɬɪɟɯɦɟɪɧɵɯ ɦɨɞɟɥɟɣ. 
Ⱦɚɧɧɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ QFORM ι ɛɵɥɢ 
ɢɦɩɨɪɬɢɪɨɜɚɧɵ ɜ ɫɟɬɨɱɧɵɣ ɝɟɧɟɪɚɬɨɪ QShape. ȼ ɞɚɧɧɨɦ ɝɟɧɟɪɚɬɨɪɟ 
ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ: ɫɨɡɞɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɫɟɬɤɢ ɤɨɧɟɱɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ ɝɟɨɦɟɬɪɢɢ, ɭɤɚɡɚɧɢɟ «ɪɨɥɢ» ɨɛɴɟɤɬɚ ɜ 
ɩɨɫɥɟɞɭɸɳɢɯ ɨɩɟɪɚɰɢɹɯ, ɡɚɞɚɧɢɟ ɩɥɨɫɤɨɫɬɟɣ ɫɢɦɦɟɬɪɢɢ (ɞɥɹ ɨɛɴɟɦɧɨɣ 
ɝɟɨɦɟɬɪɢɢ) – ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɪɚɫɱɟɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɟɤɬɨɪɚ ɢɧɫɬɪɭɦɟɧɬɚ ɢ 
ɡɚɝɨɬɨɜɤɢ ɫ ɭɝɥɨɦ 45˚ ɢ 90˚ (ɪɢɫɭɧɨɤ 4.3). 
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Ɋɢɫɭɧɨɤ 4.1 – ɑɟɪɬɟɠɢ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ ɜɵɬɹɠɤɢ: (ɚ) – ɦɚɬɪɢɰɚ ɞɥɹ ɩɟɪɜɨɝɨ 
ɩɟɪɟɯɨɞɚ, (ɛ) – ɦɚɬɪɢɰɚ ɞɥɹ ɜɬɨɪɨɝɨ ɩɟɪɟɯɨɞɚ, (ɜ) – ɩɭɚɧɫɨɧ ɞɥɹ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɚ, 
(ɝ) – ɩɭɚɧɫɨɧ ɞɥɹ ɜɬɨɪɨɝɨ ɩɟɪɟɯɨɞɚ, (ɞ) – ɩɪɢɠɢɦ ɞɥɹ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɚ 
 
 
Ɋɢɫɭɧɨɤ 4.2 – ɑɟɪɬɟɠ ɢ ɬɪɟɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɚ 
ɜɵɬɹɠɤɢ 
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Ɋɢɫɭɧɨɤ 4.3 – ɉɨɞɝɨɬɨɜɤɚ ɞɚɧɧɵɯ ɜ ɫɟɬɨɱɧɨɦ ɝɟɧɟɪɚɬɨɪɟ QShape 
 
 ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɞɚɧɧɵɯ ɨɩɟɪɚɰɢɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɜ 
ɨɫɧɨɜɧɨɦ ɨɤɧɟ ɩɪɨɝɪɚɦɦɵ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɜɵɛɪɚɧ ɬɢɩ ɩɪɨɰɟɫɫɚ: ɞɟɮɨɪɦɚɰɢɹ ɫ 
ɭɱɟɬɨɦ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ, ɚ ɬɚɤɠɟ ɬɢɩ ɡɚɞɚɱɢ: 2D – ɨɫɟɫɢɦɦɟɬɪɢɱɧɚɹ (ɪɢɫɭɧɨɤ 
4.4).  
ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɢɦɩɨɪɬɢɪɨɜɚɧɚ ɩɨɞɝɨɬɨɜɥɟɧɧɚɹ ɝɟɨɦɟɬɪɢɹ ɜ ɜɢɞɟ ɫɟɬɨɱɧɵɯ 
ɦɨɞɟɥɟɣ (ɪɢɫɭɧɨɤ 4.5). Ɂɞɟɫɶ ɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɨɩɟɪɚɰɢɣ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɞɨ ɧɚɱɚɥɚ ɪɚɫɱɟɬɚ. 
Ⱦɚɥɟɟ ɭɤɚɡɵɜɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɡɚɝɨɬɨɜɤɢ. ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ 
ɜɵɛɪɚɧ ɢɪɢɞɢɣ. Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɪɢɞɢɹ, ɨɩɢɫɚɧɧɵɟ ɜ ɩɭɧɤɬɟ 1.1, ɢ ɤɪɢɜɵɟ 
ɭɩɪɨɱɧɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɩɭɧɤɬɟ 2.3, ɛɵɥɢ ɜɧɟɫɟɧɵ ɜ ɛɚɡɭ ɞɚɧɧɵɯ ɩɪɨɝɪɚɦɦɵ 
QFORM (ɪɢɫɭɧɨɤ 4.θ). ɗɬɢ ɞɚɧɧɵɟ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: ɤɪɢɜɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɞɟɮɨɪɦɚɰɢɢ, ɡɚɞɚɧɧɵɟ ɬɚɛɥɢɱɧɵɦ ɨɛɪɚɡɨɦ ɢ ɡɚɜɢɫɹɳɢɟ ɨɬ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ, 
ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, 
ɬɟɩɥɨɟɦɤɨɫɬɶ, ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ, ɦɨɞɭɥɶ ɘɧɝɚ, ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ, 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. Ɍɚɤɠɟ ɞɥɹ ɡɚɝɨɬɨɜɤɢ ɭɤɚɡɚɧɚ ɢɫɯɨɞɧɚɹ 
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ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ - 1400˚ɋ. Ɉɫɬɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɫɬɚɸɬɫɹ ɛɟɡ ɢɡɦɟɧɟɧɢɣ 
(ɪɢɫɭɧɨɤ 4.7). 
 
Ɋɢɫɭɧɨɤ 4.4 – ȼɵɛɨɪ ɬɢɩɚ ɩɪɨɰɟɫɫɚ ɢ ɡɚɞɚɱɢ ɜ QFORM 
 
 
Ɋɢɫɭɧɨɤ 4.5 – ɂɦɩɨɪɬɢɪɨɜɚɧɧɚɹ ɝɟɨɦɟɬɪɢɹ ɞɥɹ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɚ ɢ ɦɟɧɸ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 
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Ɋɢɫɭɧɨɤ 4.6 – ɋɜɨɣɫɬɜɚ ɢɪɢɞɢɹ, ɜɧɟɫɟɧɧɵɟ ɜ ɛɚɡɭ ɞɚɧɧɵɯ QFORM 
 
 
Ɋɢɫɭɧɨɤ 4.7 – Ɂɚɞɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɡɚɝɨɬɨɜɤɢ 
 
ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɭɤɚɡɵɜɚɸɬɫɹ ɫɜɨɣɫɬɜɚ ɢɧɫɬɪɭɦɟɧɬɚ. ɉɭɚɧɫɨɧ 
(ɩɪɢɜɨɞɧɨɣ ɢɧɫɬɪɭɦɟɧɬ) ɢɦɟɟɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɢɜɨɞ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɭɫɢɥɢɟɦ 
400 ɤɇ. ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɭɚɧɫɨɧɚ ɡɚɞɚɟɬɫɹ ɬɚɛɥɢɱɧɨɣ ɮɭɧɤɰɢɟɣ (ɪɢɫɭɧɨɤ 4.8). 
ɍɤɚɡɵɜɚɟɬɫɹ ɫɦɚɡɤɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɚɤɬɚ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɡɚɝɨɬɨɜɤɢ: ɜ ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ ɷɬɨ ɫɬɟɤɥɨ. Ⱦɚɥɟɟ ɜɵɛɢɪɚɟɦ ɦɚɬɟɪɢɚɥ ɢɧɫɬɪɭɦɟɧɬɚ: ɞɥɹ ɜɫɟɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɜɵɛɪɚɧɚ ɫɬɚɥɶ 5ɏɇɆ. ɇɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ 
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ɢɧɫɬɪɭɦɟɧɬɚ ι00˚ɋ. Ɍɚɤɠɟ ɭɤɚɡɵɜɚɸɬɫɹ ɭɫɥɨɜɢɹ ɫɜɟɞɟɧɢɹ ɜ ɤɨɧɬɚɤɬ ɢ ɩɚɪɚɦɟɬɪɨɜ 
ɬɟɩɥɨɨɛɦɟɧɚ ɫ ɡɚɝɨɬɨɜɤɨɣ (ɪɢɫɭɧɨɤ 4.9). 
 
 
Ɋɢɫɭɧɨɤ 4.8 – Ɂɚɞɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɨɞɚ ɩɭɚɧɫɨɧɚ 
 
 
Ɋɢɫɭɧɨɤ 4.9 – ɋɜɨɣɫɬɜɚ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɚ 
 
Ⱦɚɥɟɟ ɭɤɚɡɵɜɚɟɬɫɹ ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɤɢ ɩɪɨɰɟɫɫɚ: ɭɫɥɨɜɢɟ ɡɚɞɚɧɨ, ɢɫɯɨɞɹ ɢɡ 
ɬɪɟɛɭɟɦɨɝɨ ɯɨɞɚ ɩɭɚɧɫɨɧɚ – ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɚ ɪɚɜɧɨ ι8,ι3 
ɦɦ.  
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ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɭɤɚɡɚɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɝɪɚɧɢɱɧɵɟ 
ɭɫɥɨɜɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɚɪɚɦɟɬɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ: ɞɥɹ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ 
ɩɪɨɰɟɫɫɚ, ɚ ɬɚɤɠɟ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɦɚɬɟɪɢɚɥɚ ɡɚɝɨɬɨɜɤɢ ɡɚɞɚɧɨ: 
ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ 40˚ɋ, ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ 
0,15 ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ 10 ȼɬ/ɦ2Ʉ (ɪɢɫɭɧɨɤ 
4.10). 
 
Ɋɢɫɭɧɨɤ 4.10 – Ɂɚɞɚɧɢɟ ɝɪɚɧɢɱɧɨɝɨ ɭɫɥɨɜɢɹ – ɩɚɪɚɦɟɬɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
 
Ɂɚɬɟɦ ɧɚ ɜɤɥɚɞɤɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɱɟɬɚ, ɝɞɟ ɛɨɥɶɲɚɹ ɱɚɫɬɶ 
ɡɧɚɱɟɧɢɣ ɭɤɚɡɚɧɵ ɩɨ ɭɦɨɥɱɚɧɢɸ, ɭɬɨɱɧɟɧɵ ɧɟɤɨɬɨɪɵɟ ɜɟɥɢɱɢɧɵ: ɭɤɚɡɚɧ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚ ɜ ɡɚɝɨɬɨɜɤɟ 0,2 ɦɦ; ɞɥɹ ɢɧɫɬɪɭɦɟɧɬɨɜ ɭɤɚɡɚɧ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚ 2 ɦɦ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɢ ɥɨɤɚɥɶɧɨ – ɜ ɦɟɫɬɚɯ 
ɤɨɧɬɚɤɬɚ ɫ ɡɚɝɨɬɨɜɤɨɣ – ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚ ɭɦɟɧɶɲɟɧ ɞɨ 0,2 ɦɦ (ɪɢɫɭɧɨɤ 4.11). 
Ɉɫɬɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɫɬɚɜɥɟɧɵ ɛɟɡ ɢɡɦɟɧɟɧɢɣ. 
ɉɨɫɥɟ ɡɚɞɚɧɢɹ ɜɫɟɯ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɞɚɧɧɵɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɡɚɩɭɫɤ ɧɚ ɪɚɫɱɟɬ. 
Ɂɚ ɯɨɞɨɦ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɦɨɠɧɨ ɫɥɟɞɢɬɶ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ, ɨɬɫɥɟɠɢɜɚɹ 
ɜɫɟ ɢɧɬɟɪɟɫɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɢ ɪɟɡɭɥɶɬɚɬɵ. 
 
98 
 
 
Ɋɢɫɭɧɨɤ 4.11 – Ɂɚɞɚɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɱɟɬɚ 
 
4.1.2. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɜɵɬɹɠɤɢ ɬɢɝɥɹ ɜ ɩɪɨɝɪɚɦɦɟ PAM-STAMP 
 
ɇɚ ɩɟɪɜɨɦ ɲɚɝɟ ɩɨɞɝɨɬɨɜɤɢ ɡɚɞɚɱɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɦɩɨɪɬ ɝɟɨɦɟɬɪɢɢ, ɪɚɧɟɟ 
ɫɨɡɞɚɧɧɨɣ ɜ CAD-ɪɟɞɚɤɬɨɪɟ. ɉɪɢ ɢɦɩɨɪɬɟ ɩɪɨɢɡɜɟɞɟɧɚ ɧɚɫɬɪɨɣɤɚ ɩɚɪɚɦɟɬɪɨɜ 
ɫɟɬɤɢ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ: ɜ ɫɩɟɰɢɚɥɶɧɨɦ ɢɧɫɬɪɭɦɟɧɬɟ Meshing ɡɚɞɚɧɵ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚ ɪɚɜɧɵɣ 2 ɦɦ, ɚ ɬɚɤɠɟ ɦɚɤɫɢɦɚɥɶɧɵɣ ɫɦɟɠɧɵɣ 
ɭɝɨɥ ɫɨɟɞɢɧɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 5˚ (ɪɢɫɭɧɨɤ 4.12). 
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Ɋɢɫɭɧɨɤ 4.12 – Ɂɚɞɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɪɚɡɛɢɟɧɢɹ ɫɟɬɤɢ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ 
ɩɪɨɝɪɚɦɦɟ PAM-STAMP 
 
ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɢɦɩɨɪɬɚ ɫɨɡɞɚɧɵ ɞɜɟ ɩɥɨɫɤɨɫɬɢ ɫɢɦɦɟɬɪɢɢ. Ɍɚɤɠɟ, 
ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɪɚɫɱɟɬɚ ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɢɦɟɧɟɧɚ ɡɚɝɨɬɨɜɤɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɨɛɴɟɦɧɵɯ 
ɷɥɟɦɟɧɬɨɜ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɩɟɪɚɰɢɹ ɜɵɞɚɜɥɢɜɚɧɢɹ: ɢɫɩɨɥɶɡɭɟɦɵɣ ɫɟɤɬɨɪ ɡɚɝɨɬɨɜɤɢ 
ɜɵɞɚɜɥɢɜɚɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ 1 ɦɦ ɫ ɱɢɫɥɨɦ ɷɥɟɦɟɧɬɨɜ ɩɨ ɬɨɥɳɢɧɟ ɪɚɜɧɵɦ 4 
(ɪɢɫɭɧɨɤ 4.13). 
 
Ɋɢɫɭɧɨɤ 4.13 – Ɉɩɟɪɚɰɢɹ ɜɵɞɚɜɥɢɜɚɧɢɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɛɴɟɦɧɨɣ ɫɟɬɤɢ ɡɚɝɨɬɨɜɤɢ 
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ȼ ɛɚɡɭ ɞɚɧɧɵɯ ɩɪɨɝɪɚɦɦɵ PAM-STAMP ɜɧɟɫɟɧɵ ɩɚɪɚɦɟɬɪɵ ɦɚɬɟɪɢɚɥɚ 
(ɪɢɫɭɧɨɤ 4.14): ɩɨɫɤɨɥɶɤɭ ɜ ɩɪɨɝɪɚɦɦɟ ɛɭɞɟɬ ɩɪɨɢɡɜɟɞɟɧɚ ɢɡɨɬɟɪɦɢɱɟɫɤɚɹ 
ɩɨɫɬɚɧɨɜɤɚ, ɬɨ ɫɜɨɣɫɬɜɚ ɢɪɢɞɢɹ ɜɡɹɬɵ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ 1150˚ɋ (ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɞɚɧɧɵɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɜ ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɩɨɫɬɚɧɨɜɤɟ ɜ ɩɪɨɝɪɚɦɦɟ 
QFORM). 
 
Ɋɢɫɭɧɨɤ 4.14 – ɋɜɨɣɫɬɜɚ ɢɪɢɞɢɹ, ɡɚɞɚɧɧɵɟ ɜ ɛɚɡɭ ɞɚɧɧɵɯ PAM-STAMP 
 
ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɞɟɣɫɬɜɢɣ ɩɪɨɢɡɜɟɞɟɧɨ ɡɚɞɚɧɢɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ, ɚ ɬɚɤɠɟ ɜɧɭɬɪɟɧɧɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɱɟɬɚ ɡɚɞɚɱɢ. ȼɫɟ ɬɪɟɛɭɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɭɤɚɡɵɜɚɸɬɫɹ ɜ ɞɟɪɟɜɟ 
ɫɜɨɣɫɬɜ ɨɛɴɟɤɬɨɜ ɢ ɨɩɟɪɚɰɢɣ. Ⱦɥɹ ɜɫɟɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɭɤɚɡɵɜɚɟɬɫɹ ɚɬɪɢɛɭɬ Surface 
Tool – ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɢɧɫɬɪɭɦɟɧɬ, ɬɨ ɟɫɬɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ 
ɮɨɪɦɨɨɛɪɚɡɭɸɳɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɡɚɞɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɬɨɥɳɢɧɵ ɞɚɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ 0,8 ɦɦ (ɭɱɬɟɧɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɝɟɨɦɟɬɪɢɢ) ɞɥɹ ɫɨɛɥɸɞɟɧɢɹ ɭɫɥɨɜɢɣ 
ɤɨɧɬɚɤɬɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɪɨɝɪɚɦɦɵ PAM-STAMP (ɪɢɫɭɧɨɤ 4.15). 
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Ⱦɥɹ ɡɚɝɨɬɨɜɤɢ ɭɤɚɡɵɜɚɟɬɫɹ ɚɬɪɢɛɭɬ Volume Blank – ɨɛɴɟɦɧɚɹ ɡɚɝɨɬɨɜɤɚ – ɢ 
ɩɪɢɦɟɧɹɸɬɫɹ ɫɜɨɣɫɬɜɚ ɪɚɧɟɟ ɫɨɡɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ (ɪɢɫɭɧɨɤ 
4.15). Ɂɚɬɟɦ ɞɥɹ ɤɚɠɞɨɣ ɨɩɟɪɚɰɢɢ ɞɥɹ ɢɧɫɬɪɭɦɟɧɬɨɜ ɡɚɞɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɚɬɪɢɛɭɬɵ. Rigid Body – ɨɛɴɟɤɬɵ ɹɜɥɹɸɬɫɹ ɬɜɟɪɞɵɦɢ ɧɟɞɟɮɨɪɦɢɪɭɟɦɵɦɢ ɬɟɥɚɦɢ. 
Cartesian Kinematics – ɭɤɚɡɵɜɚɸɬɫɹ ɫɜɨɣɫɬɜɚ ɞɜɢɠɟɧɢɹ ɨɛɴɟɤɬɨɜ – ɞɥɹ ɦɚɬɪɢɰɵ ɢ 
ɧɟɩɨɞɜɢɠɧɨɝɨ ɩɪɢɠɢɦɚ ɡɚɞɚɧɨ ɩɨɥɧɨɫɬɶɸ ɧɟɩɨɞɜɢɠɧɨɟ ɩɨɥɨɠɟɧɢɟ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ; ɩɭɚɧɫɨɧ ɩɟɪɟɦɟɳɚɟɬɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ, ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɟɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ (ɪɢɫɭɧɨɤ 4.1θ). ɂ ɡɚɞɚɟɬɫɹ ɚɬɪɢɛɭɬ Contact, 
ɨɩɪɟɞɟɥɹɸɳɢɣ ɤɨɧɬɚɤɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɛɴɟɤɬɨɜ – ɩɨɫɤɨɥɶɤɭ ɤɨɧɬɚɤɬ 
ɢɧɫɬɪɭɦɟɧɬɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɨɥɶɤɨ ɫ ɡɚɝɨɬɨɜɤɨɣ, ɬɨ ɭɤɚɡɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɨ 
ɭɫɥɨɜɢɟ ɨɞɢɧɚɤɨɜɨɟ ɞɥɹ ɜɫɟɯ ɨɛɴɟɤɬɨɜ: ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɩɨ Ʉɭɥɨɧɭ 0,2, ɬɢɩ 
ɤɨɧɬɚɤɬɚ Automatic (ɪɢɫɭɧɨɤ 4.17). 
 
 
Ɋɢɫɭɧɨɤ 4.15 – Ɂɚɞɚɧɢɟ ɨɛɳɢɯ ɫɜɨɣɫɬɜ ɨɛɴɟɤɬɨɜ 
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Ɋɢɫɭɧɨɤ 4.16 – ɍɩɪɚɜɥɹɸɳɚɹ ɮɭɧɤɰɢɹ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɭɚɧɫɨɧɚ: 1 – 
ɞɨɫɬɢɝɧɭɬɚ ɧɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ 
 
Ɋɢɫɭɧɨɤ 4.17 – Ɂɚɞɚɧɢɟ ɫɜɨɣɫɬɜ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɚ 
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Ɉɫɬɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜ ɞɟɪɟɜɟ ɫɜɨɣɫɬɜ ɨɫɬɚɸɬɫɹ ɩɨ ɭɦɨɥɱɚɧɢɸ 
(ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.18), ɤɪɨɦɟ ɜɟɥɢɱɢɧɵ ɯɨɞɚ ɢɧɫɬɪɭɦɟɧɬɚ: ɩɭɚɧɫɨɧ ɜ 
ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɨɩɭɫɤɚɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ 80 ɦɦ (ɡɧɚɱɟɧɢɟ ɨɬɫɱɢɬɵɜɚɟɬɫɹ ɨɬ ɜɯɨɞɚ 
ɜ ɤɨɧɬɚɤɬ ɩɭɚɧɫɨɧɚ ɢ ɡɚɝɨɬɨɜɤɢ). 
Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚɫɬɪɨɣɤɚ ɪɟɲɚɬɟɥɹ ɩɪɨɝɪɚɦɦɵ: ɜɵɛɢɪɚɟɬɫɹ ɬɢɩ 
ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɢ ɭɤɚɡɵɜɚɟɬɫɹ ɱɢɫɥɨ ɹɞɟɪ ɩɪɨɰɟɫɫɨɪɚ, ɧɚ ɤɨɬɨɪɵɯ 
ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɪɚɫɱɟɬ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɵɯ ɡɚɞɚɱ ɜɵɩɨɥɧɹɥɨɫɶ 
ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ ɜ ɪɟɠɢɦɟ DMP ɢ ɪɚɫɱɟɬ ɩɪɨɜɨɞɢɥɫɹ ɧɚ θ ɹɞɪɚɯ ɩɪɨɰɟɫɫɨɪɚ 
(ɪɢɫɭɧɨɤ 4.19). 
 
Ɋɢɫɭɧɨɤ 4.18 – Ɉɛɳɢɟ ɫɜɨɣɫɬɜɚ ɡɚɞɚɱɢ: ɤɪɚɫɧɵɦ ɜɵɞɟɥɟɧɨ ɡɚɞɚɧɢɟ ɯɨɞɚ ɩɭɚɧɫɨɧɚ 
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Ɋɢɫɭɧɨɤ 4.19 – Ɂɚɞɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɪɟɲɚɬɟɥɹ 
 
4.2. Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɝɨɪɹɱɟɣ 
ɥɢɫɬɨɜɨɣ ɲɬɚɦɩɨɜɤɟ ɢɪɢɞɢɟɜɨɝɨ ɬɢɝɥɹ 
 
4.2.1. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɜɵɬɹɠɤɢ ɡɚ ɞɜɚ ɩɟɪɟɯɨɞɚ 
 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɨɰɟɫɫɚ ɜɵɬɹɠɤɢ ɬɢɝɥɹ ɩɨ ɜɫɟɦ ɜɚɪɢɚɧɬɚɦ ɩɪɨɜɟɞɟɧɢɹ 
ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɩɨɥɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɪɚɫɱɟɬɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɡɚɜɢɫɢɦɨɫɬɟɣ ɪɚɡɥɢɱɧɵɯ ɮɭɧɤɰɢɣ ɢ ɬ.ɩ., ɢɫɯɨɞɹ ɢɡ 
ɤɨɬɨɪɵɯ ɩɪɢɧɢɦɚɥɨɫɶ ɪɟɲɟɧɢɟ ɨ ɩɪɢɦɟɧɢɦɨɫɬɢ ɬɟɯɧɨɥɨɝɢɢ. 
Ⱦɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɪɚɫɱɟɬɚ ɜɵɬɹɠɤɢ ɬɢɝɥɹ ɡɚ ɞɜɚ ɩɟɪɟɯɨɞɚ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɢɫɯɨɞɧɨɣ ɝɟɨɦɟɬɪɢɢ ɢɧɫɬɪɭɦɟɧɬɚ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱɟɬɚ. ɇɚ ɪɢɫɭɧɤɟ 4.20 ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɨɥɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ 
ɨɛɴɟɦɭ ɡɚɝɨɬɨɜɤɢ ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜɵɬɹɠɤɢ. ȼɢɞɧɨ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɚ ɫɨɫɬɚɜɥɹɟɬ ι21˚ɋ. ɋɢɥɶɧɨɟ 
ɡɚɯɨɥɚɠɢɜɚɧɢɟ ɜ ɞɚɧɧɨɦ ɜɚɪɢɚɧɬɟ ɧɚɛɥɸɞɚɟɬɫɹ ɢɡ-ɡɚ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢɜɨɞɧɨɝɨ 
ɩɪɢɠɢɦɚ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɬɟɩɥɨɩɟɪɟɞɚɱɭ ɜ ɨɛɥɚɫɬɢ ɤɨɧɬɚɤɬɚ ɡɚɝɨɬɨɜɤɢ ɫ 
ɩɪɢɠɢɦɨɦ ɢ ɦɚɬɪɢɰɟɣ. 
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Ɋɢɫɭɧɨɤ 4.20 – ɉɨɥɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɫɟɱɟɧɢɸ ɡɚɝɨɬɨɜɤɢ, ˚ɋ 
 
ɉɨɥɟ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ ɜ ɡɚɝɨɬɨɜɤɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.21. ȼɢɞɧɨ 
ɫɢɥɶɧɭɸ ɥɨɤɚɥɢɡɚɰɢɸ ɞɟɮɨɪɦɚɰɢɢ ɜ ɨɛɥɚɫɬɢ ɫɬɟɧɤɢ ɡɚɝɨɬɨɜɤɢ, ɩɪɢɦɵɤɚɸɳɟɣ ɤ 
ɪɚɞɢɭɫɭ ɧɚ ɩɭɚɧɫɨɧɟ.  
ɋɤɥɚɞɤɢ ɧɚ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɤɥɸɱɚɸɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɢɠɢɦɚ – 
ɩɪɚɤɬɢɱɟɫɤɢ ɞɨ ɫɚɦɨɝɨ ɤɨɧɰɚ ɩɪɨɰɟɫɫɚ ɡɚɝɨɬɨɜɤɚ ɧɟ ɜɵɯɨɞɢɬ ɢɡ ɤɨɧɬɚɤɬɚ ɫ ɧɢɦ. 
Ɉɞɧɚɤɨ ɜɵɩɨɥɧɟɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ ɛɨɥɶɲɨɟ ɭɬɨɧɟɧɢɟ ɩɨ ɫɬɟɧɤɟ ɢɡɞɟɥɢɹ 
ɨɤɨɥɨ ɪɚɞɢɭɫɚ ɩɭɚɧɫɨɧɚ 5θ-5ι% (ɪɢɫɭɧɨɤ 4.22), ɱɬɨ, ɫɤɨɪɟɣ ɜɫɟɝɨ, ɩɪɢɜɟɞɟɬ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɲɟɣɤɢ ɢ ɪɚɡɪɭɲɟɧɢɸ. 
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Ɋɢɫɭɧɨɤ 4.21 – ɉɨɥɟ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɚ 
 
 
Ɋɢɫɭɧɨɤ 4.22 – ɉɨɥɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɥɳɢɧɵ ɡɚɝɨɬɨɜɤɢ ɜ ɤɨɧɰɟ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɚ, 
ɦɦ 
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ɇɚ ɪɢɫɭɧɤɟ 4.23 ɩɨɤɚɡɚɧ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɭɫɢɥɢɹ, ɪɚɡɜɢɜɚɟɦɨɝɨ ɜ 
ɩɪɨɰɟɫɫɟ ɜɵɬɹɠɤɢ ɧɚ ɩɟɪɜɨɦ ɩɟɪɟɯɨɞɟ: ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɭɫɢɥɢɹ ɜ ɩɪɨɰɟɫɫɟ 
ɜɵɬɹɠɤɢ ɫɨɫɬɚɜɥɹɟɬ 229,10 ɤɇ, ɱɬɨ ɦɟɧɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɫɢɥɢɹ ɩɪɟɫɫɚ 400,00 
ɤɇ.   
 
Ɋɢɫɭɧɨɤ 4.23 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɭɫɢɥɢɹ, ɪɚɡɜɢɜɚɟɦɨɝɨ ɩɪɟɫɫɨɦ, Ɇɇ, ɨɬ 
ɜɪɟɦɟɧɢ ɩɪɨɰɟɫɫɚ, ɫ; ɤɪɚɫɧɚɹ ɩɨɥɨɫɚ – ɦɚɤɫɢɦɚɥɶɧɨɟ ɭɫɢɥɢɟ ɩɪɟɫɫɚ 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɱɟɬ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜɵɬɹɠɤɢ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ ɪɚɫɱɟɬɚ 
ɩɨɤɚɡɚɥ ɧɚ ɧɚɥɢɱɢɟ ɧɟɞɨɩɭɫɬɢɦɨɝɨ ɞɟɮɟɤɬɚ ɜ ɢɡɞɟɥɢɢ – ɪɚɡɪɭɲɟɧɢɟ ɜɫɥɟɞɫɬɜɢɟ 
ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɬɨɧɟɧɢɹ. Ⱦɚɥɶɧɟɣɲɟɟ ɪɟɲɟɧɢɟ – ɪɚɫɱɟɬ ɜɬɨɪɨɝɨ ɩɟɪɟɯɨɞɚ ɧɟ 
ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ, ɩɨɫɤɨɥɶɤɭ ɩɨɥɭɱɢɬɶ ɛɟɡɞɟɮɟɤɬɧɨɟ ɢɡɞɟɥɢɟ ɬɚɤɢɦ 
ɫɩɨɫɨɛɨɦ ɧɟ ɭɞɚɟɬɫɹ. 
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4.2.2. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɬɨɪɨɝɨ ɜɚɪɢɚɧɬɚ ɜɵɬɹɠɤɢ ɡɚ ɲɟɫɬɶ ɩɟɪɟɯɨɞɨɜ 
 
 ɇɚ ɪɢɫɭɧɤɟ 4.24 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ 
ɩɟɪɟɯɨɞɚɦ ɜɵɬɹɠɤɢ. ȼɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɩɟɪɟɯɨɞɨɜ ɢ ɭɦɟɧɶɲɟɧɢɟɦ 
ɨɛɳɟɣ ɩɥɨɳɚɞɢ ɤɨɧɬɚɤɬɚ ɡɚɝɨɬɨɜɤɢ ɫ ɢɧɫɬɪɭɦɟɧɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɢɣ 
ɭɪɨɜɟɧɶ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɤɚɠɞɨɦ ɩɟɪɟɯɨɞɟ. 
 
1 
 
3       4 
 
5     6 
Ɋɢɫɭɧɨɤ 4.24 – ɉɨɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɫɟɱɟɧɢɸ ɡɚɝɨɬɨɜɤɢ ɩɨ 
ɩɟɪɟɯɨɞɚɦ, ˚ɋ: ɰɢɮɪɵ ɩɨɞ ɪɢɫɭɧɤɚɦɢ – ɧɨɦɟɪ ɩɟɪɟɯɨɞɚ 
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1       3 
 
5 
Ɋɢɫɭɧɨɤ 4.25 – ȼɢɞ ɫɤɥɚɞɨɤ ɩɨɫɥɟ ɩɟɪɜɨɝɨ, ɬɪɟɬɶɟɝɨ ɢ ɩɹɬɨɝɨ ɩɟɪɟɯɨɞɨɜ ɜɵɬɹɠɤɢ 
ɩɨ ɜɬɨɪɨɦɭ ɜɚɪɢɚɧɬɭ ɬɟɯɧɨɥɨɝɢɢ 
 
 ɇɚɥɢɱɢɟ ɫɤɥɚɞɨɤ (ɪɢɫɭɧɨɤ 4.25) ɩɪɢɜɨɞɢɬ ɤ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ – ɨɬɫɭɬɫɬɜɢɟ ɩɪɢɠɢɦɚ ɫɟɪɶɟɡɧɨ ɜɥɢɹɟɬ ɧɚ ɞɚɧɧɵɣ ɞɟɮɟɤɬ ɞɚɠɟ 
ɩɪɢ ɦɚɥɵɯ ɫɬɟɩɟɧɹɯ ɜɵɬɹɠɤɢ. ɉɪɨɜɟɪɤɚ ɩɨ ɜɟɥɢɱɢɧɟ ɭɬɨɧɟɧɢɣ ɩɪɢ ɞɚɧɧɨɦ 
ɜɚɪɢɚɧɬɟ ɜɵɬɹɠɤɢ ɬɚɤɠɟ ɞɚɟɬ ɨɫɧɨɜɚɧɢɹ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɞɚɧɧɵɣ ɫɩɨɫɨɛ ɧɟ 
ɩɪɢɦɟɧɢɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɬɢɝɥɹ: ɜ ɤɨɧɰɟ ɱɟɬɜɟɪɬɨɝɨ ɩɟɪɟɯɨɞɚ ɭɬɨɧɟɧɢɟ ɩɪɟɜɵɲɚɟɬ 
40% (ɪɢɫɭɧɨɤ 4.26). 
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2       4 
Ɋɢɫɭɧɨɤ 4.26 – Ɂɧɚɱɟɧɢɟ ɬɨɥɳɢɧɵ ɜ ɡɚɝɨɬɨɜɤɟ ɩɨɫɥɟ ɜɬɨɪɨɝɨ ɢ ɱɟɬɜɟɪɬɨɝɨ 
ɩɟɪɟɯɨɞɚ ɜɵɬɹɠɤɢ 
 
4.2.3. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɪɟɬɶɟɝɨ ɜɚɪɢɚɧɬɚ ɜɵɬɹɠɤɢ ɡɚ ɨɞɢɧ ɩɟɪɟɯɨɞ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɧɟɩɨɞɜɢɠɧɨɝɨ ɩɪɢɠɢɦɚ 
 
 Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɜɚɪɢɚɧɬɨɜ ɪɚɫɱɟɬɚ ɮɨɪɦɚ ɦɚɬɪɢɰɵ ɩɪɟɬɟɪɩɟɥɚ ɫɟɪɶɟɡɧɵɟ 
ɢɡɦɟɧɟɧɢɹ. ɇɨɜɵɣ ɜɢɞ ɦɚɬɪɢɰɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.27.  
 
Ɋɢɫɭɧɨɤ 4.27 – ɇɨɜɚɹ ɮɨɪɦɚ ɦɚɬɪɢɰɵ ɞɥɹ ɜɵɬɹɠɤɢ 
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Ɍɚɤɠɟ ɜɬɨɪɵɦ ɧɨɜɨɜɜɟɞɟɧɢɟɦ ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɪɚɫɱɟɬɨɜ ɫɬɚɥɨ ɩɪɢɦɟɧɟɧɢɟ 
ɧɟɩɨɞɜɢɠɧɨɝɨ ɩɪɢɠɢɦɚ: ɞɚɧɧɵɣ ɩɪɢɠɢɦ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɵɣ ɡɚɡɨɪ ɦɟɠɞɭ 
ɦɚɬɪɢɰɟɣ, ɤɨɬɨɪɵɣ ɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɪɟɠɢɦɟ (ɦɟɧɶɲɟ 
ɜɟɥɢɱɢɧɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ) ɢ ɧɟ ɞɚɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɫɤɥɚɞɤɚɦ. 
ȼ ɞɚɧɧɨɦ ɜɚɪɢɚɧɬɟ ɪɚɫɱɟɬɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɨɜɨɞɢɬɶ ɜɵɬɹɠɤɭ ɡɚ ɨɞɢɧ 
ɩɟɪɟɯɨɞ – ɫɪɚɡɭ ɞɨ ɤɨɧɟɱɧɨɝɨ ɞɢɚɦɟɬɪɚ, ɩɨɷɬɨɦɭ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɬɪɟɛɭɟɬɫɹ 
ɭɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɪɟɠɢɦɭ (ɪɢɫɭɧɨɤ 4.28) ɩɨɫɤɨɥɶɤɭ ɫɢɥɶɧɨɟ 
ɡɚɯɨɥɚɠɢɜɚɧɢɟ ɡɚɝɨɬɨɜɤɢ ɩɪɢɜɟɞɟɬ ɤ ɩɨɜɵɲɟɧɧɨɦɭ ɢɡɧɨɫɭ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɜɨɡɦɨɠɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɢɧɫɬɪɭɦɟɧɬɚ ɜ ɩɪɨɰɟɫɫɟ ɜɵɬɹɠɤɢ. 
 
 
Ɋɢɫɭɧɨɤ 4.28 – ɉɨɥɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɫɟɱɟɧɢɸ ɡɚɝɨɬɨɜɤɢ ɜ ɤɨɧɰɟ 
ɜɵɬɹɠɤɢ, ˚ɋ 
 
Ɏɨɪɦɚ ɡɚɝɨɬɨɜɤɢ ɩɨɫɥɟ ɩɟɪɟɯɨɞɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.29 – ɩɪɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɜ ɨɛɟɢɯ ɩɪɨɝɪɚɦɦɚɯ ɫɤɥɚɞɨɤ ɧɟ ɨɛɧɚɪɭɠɟɧɨ, ɨɞɧɚɤɨ ɩɪɢɦɟɧɟɧɢɟ 
ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɨɰɟɧɤɢ ɫɨɫɬɨɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ – ɩɨɫɬɪɨɟɧɢɟ ɞɢɚɝɪɚɦɦɵ 
ɩɪɟɞɟɥɶɧɨɣ ɮɨɪɦɭɟɦɨɫɬɢ (ɪɢɫɭɧɨɤ 4.30) – ɩɨɡɜɨɥɢɥɨ ɜɵɹɜɢɬɶ ɬɟɧɞɟɧɰɢɸ ɤ 
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ɨɛɪɚɡɨɜɚɧɢɸ ɫɤɥɚɞɨɤ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɢɡɞɟɥɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɞɨ ɡɚɪɚɧɟɟ 
ɩɪɟɞɩɨɥɚɝɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɢɠɢɦɚ. 
 
 
ɚ       ɛ 
Ɋɢɫɭɧɨɤ 4.29 – Ɏɨɪɦɚ ɡɚɝɨɬɨɜɤɢ ɩɨɫɥɟ ɩɟɪɟɯɨɞɚ ɜɵɬɹɠɤɢ, ɩɨɥɭɱɟɧɧɚɹ ɜ 
ɩɪɨɝɪɚɦɦɟ PAM-STAMP (ɚ) ɢ QFORM (ɛ) 
 
 
ɚ       ɛ 
Ɋɢɫɭɧɨɤ 4.30 – ɋɨɫɬɨɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɞɢɚɝɪɚɦɦɟ ɩɪɟɞɟɥɶɧɨɣ ɮɨɪɦɭɟɦɨɫɬɢ (ɚ) 
ɢ ɫɚɦɚ ɞɢɚɝɪɚɦɦɚ (ɛ) 
 
113 
 
ȼɟɥɢɱɢɧɚ ɭɬɨɧɟɧɢɣ ɜ ɷɬɨɦ ɜɚɪɢɚɧɬɟ ɪɚɫɱɟɬɚ ɨɤɚɡɚɥɚɫɶ ɧɟɦɧɨɝɨ ɛɨɥɶɲɟ, ɱɟɦ 
ɜ ɩɪɟɞɵɞɭɳɟɦ – ɨɤɨɥɨ 1ι-18% - ɩɨɥɟ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.31.  
 
Ɋɢɫɭɧɨɤ 4.31 - ɉɨɥɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɥɳɢɧɵ ɡɚɝɨɬɨɜɤɢ ɜ ɤɨɧɰɟ ɩɟɪɟɯɨɞɚ, ɦɦ 
 
ɉɪɢ ɷɬɨɦ ɬɚɤɠɟ ɞɨɫɬɢɝɚɟɬɫɹ ɦɟɧɶɲɟɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɜɚɪɢɚɧɬɚɦɢ 
ɭɫɢɥɢɟ ɜɵɬɹɠɤɢ ɧɚ ɩɪɟɫɫɟ – ɨɤɨɥɨ 100 ɤɇ (ɪɢɫɭɧɨɤ 4.32). 
 
Ɋɢɫɭɧɨɤ 4.32 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɭɫɢɥɢɹ, ɪɚɡɜɢɜɚɟɦɨɝɨ ɩɪɟɫɫɨɦ, Ɇɇ, ɨɬ 
ɜɪɟɦɟɧɢ ɩɪɨɰɟɫɫɚ, ɫ 
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4.2.4. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɱɟɬɜɟɪɬɨɝɨ ɜɚɪɢɚɧɬɚ ɜɵɬɹɠɤɢ ɫ ɢɡɦɟɧɟɧɧɨɣ ɮɨɪɦɨɣ 
ɦɚɬɪɢɰɵ ɞɢɚɦɟɬɪɨɦ 100 ɦɦ 
 
 ȼ ɞɚɧɧɨɦ ɜɚɪɢɚɧɬɟ ɪɚɫɱɟɬɚ ɪɟɚɥɢɡɨɜɚɧɚ ɫɯɟɦɚ, ɚɧɚɥɨɝɢɱɧɚɹ ɨɩɢɫɚɧɧɨɣ ɜ 
ɪɚɡɞɟɥɟ 4.2.3. Ɉɞɧɚɤɨ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɤɥɚɞɨɤ ɧɚ ɛɨɤɨɜɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɨɜɨɞɢɬɶ ɜɵɬɹɠɤɭ ɡɚ ɞɜɚ ɩɟɪɟɯɨɞɚ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɢɠɢɦɚ, ɤɨɬɨɪɵɣ ɜɵɩɨɥɧɟɧ ɩɨ ɮɨɪɦɟ 
ɦɚɬɪɢɰɵ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɢɧɢɦɚɥɶɧɵɣ ɡɚɡɨɪ ɦɟɠɞɭ ɡɚɝɨɬɨɜɤɨɣ ɢ ɦɚɬɪɢɰɟɣ 
(ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 4.33), ɧɚ ɜɬɨɪɨɦ ɩɟɪɟɯɨɞɟ, ɢ ɪɚɡɞɟɥɟɧɢɟ ɜɬɨɪɨɝɨ ɩɟɪɟɯɨɞɚ ɧɚ 
ɞɜɚ ɲɚɝɚ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɷɬɨɝɨ ɩɪɢɠɢɦɚ. 
 
Ɋɢɫɭɧɨɤ 4.33 – ȼɢɞ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɢɠɢɦɚ 
 
ɇɚ ɪɢɫɭɧɤɟ 4.34 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ 
ɩɟɪɟɯɨɞɚɦ ɜɵɬɹɠɤɢ. Ɂɚɯɨɥɚɠɢɜɚɧɢɟ ɡɚɝɨɬɨɜɤɢ ɜ ɨɛɥɚɫɬɢ ɤɨɧɬɚɤɬɚ ɫ ɩɭɚɧɫɨɧɨɦ ɧɟ 
ɞɨɥɠɧɨ ɫɤɚɡɚɬɶɫɹ ɧɚ ɨɛɳɟɣ ɩɥɚɫɬɢɱɧɨɫɬɢ. 
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1     2 
Ɋɢɫɭɧɨɤ 4.34 – ɉɨɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɫɟɱɟɧɢɸ ɡɚɝɨɬɨɜɤɢ ɩɨ 
ɩɟɪɟɯɨɞɚɦ, ˚ɋ: ɰɢɮɪɵ ɩɨɞ ɪɢɫɭɧɤɚɦɢ – ɧɨɦɟɪ ɩɟɪɟɯɨɞɚ 
 
 Ɏɨɪɦɚ ɡɚɝɨɬɨɜɤɢ ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.35. ȼɢɞɧɨ, 
ɱɬɨ ɧɚ ɞɚɧɧɨɦ ɩɟɪɟɯɨɞɟ ɨɛɪɚɡɨɜɚɧɢɟ ɫɤɥɚɞɨɤ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. Ɉɞɧɚɤɨ ɧɚ ɜɬɨɪɨɦ 
ɩɟɪɟɯɨɞɟ ɩɨɥɭɱɟɧɢɟ ɬɚɤɨɝɨ ɞɟɮɟɤɬɚ ɜɨɡɦɨɠɧɨ (ɪɢɫɭɧɨɤ 4.3θ, ɚ).  
 
ɚ       ɛ 
Ɋɢɫɭɧɨɤ 4.35 – Ɏɨɪɦɚ ɡɚɝɨɬɨɜɤɢ ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɩɨɥɭɱɟɧɧɚɹ ɜ ɩɪɨɝɪɚɦɦɟ 
PAM-STAMP (ɚ) ɢ QFORM (ɛ) 
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ɚ      ɛ 
Ɋɢɫɭɧɨɤ 4.36 – ȼɢɞ ɫɤɥɚɞɨɤ ɩɨɫɥɟ ɜɬɨɪɨɝɨ ɩɟɪɟɯɨɞɚ ɜɵɬɹɠɤɢ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɢɠɢɦɚ (ɚ) ɢ ɩɨɫɥɟ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ (ɛ) 
 
ȼɟɥɢɱɢɧɚ ɭɬɨɧɟɧɢɣ ɩɪɢ ɞɚɧɧɨɦ ɜɚɪɢɚɧɬɟ ɜɵɬɹɠɤɢ ɜ ɩɟɪɜɨɦ ɩɟɪɟɯɨɞɟ 
ɧɟɛɨɥɶɲɚɹ ɢ ɫɨɫɬɚɜɥɹɟɬ ɦɟɧɟɟ 10%. ȼɨ ɜɬɨɪɨɦ ɩɟɪɟɯɨɞɟ ɭɬɨɧɟɧɢɟ ɜ ɡɨɧɟ ɪɚɞɢɭɫɚ 
ɩɭɚɧɫɨɧɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɧɨ ɧɟ ɛɨɥɟɟ ɱɟɦ ɞɨ 15%. 
 
4.3. ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 
 
1. ɉɪɢɦɟɧɟɧɢɟ ɫɬɚɧɞɚɪɬɧɨɝɨ (ɢɫɯɨɞɧɨɝɨ) ɢɧɫɬɪɭɦɟɧɬɚ ɜ ɩɟɪɜɵɯ ɞɜɭɯ 
ɜɚɪɢɚɧɬɚɯ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɨɥɧɨɫɬɶɸ ɛɟɡɞɟɮɟɤɬɧɨɟ 
ɢɡɞɟɥɢɟ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɚɫɱɟɬɨɦ ɤɚɤ ɜ ɩɪɨɝɪɚɦɦɟ PAM-STAMP, ɬɚɤ ɢ ɜ 
QFORM. Ʉ ɞɟɮɟɤɬɚɦ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɬɧɨɫɹɬɫɹ: ɫɤɥɚɞɤɢ ɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 
ɱɚɫɬɢ ɢɡɞɟɥɢɹ; ɛɨɥɶɲɨɟ ɭɬɨɧɟɧɢɟ (ɛɨɥɟɟ 20%) ɜ ɨɛɥɚɫɬɢ ɪɚɞɢɭɫɚ ɩɭɚɧɫɨɧɚ; 
2.  ȼɨɡɦɨɠɧɵɦ ɜɚɪɢɚɧɬɨɦ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɜɟɞɟɧɢɹ ɜɵɬɹɠɤɢ ɬɢɝɥɹ ɢɡ ɢɪɢɞɢɹ 
ɹɜɥɹɟɬɫɹ ɜɚɪɢɚɧɬ ɜɵɬɹɠɤɢ ɡɚ ɞɜɚ ɩɟɪɟɯɨɞɚ ɫ ɢɡɦɟɧɟɧɧɨɣ ɮɨɪɦɨɣ ɦɚɬɪɢɰɵ, ɚ 
ɬɚɤɠɟ ɩɪɢɦɟɧɟɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɧɟɩɨɞɜɢɠɧɨɝɨ ɩɪɢɠɢɦɚ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ 
ɩɨɹɜɥɟɧɢɹ ɫɤɥɚɞɨɤ ɧɚ ɜɬɨɪɨɦ ɩɟɪɟɯɨɞɟ ɜɵɬɹɠɤɢ, ɱɬɨ ɩɪɢɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɱɢɫɥɚ ɩɟɪɟɯɨɞɨɜ ɞɨ ɬɪɟɯ – ɦɟɠɞɭ ɜɬɨɪɵɦ ɢ ɬɪɟɬɶɢɦ ɩɟɪɟɯɨɞɨɦ ɛɭɞɟɬ ɭɫɬɚɧɨɜɥɟɧ 
ɩɪɢɠɢɦ.  
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3. Ɍɚɤɠɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɧɟɩɨɞɜɢɠɧɨɝɨ 
ɩɪɢɠɢɦɚ ɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɫɨɯɪɚɧɟɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɝɨɬɨɜɤɢ ɜ ɨɛɥɚɫɬɢ ɤɨɧɬɚɤɬɚ ɫ ɧɢɦ, ɢ ɩɪɢ ɷɬɨɦ ɩɪɚɤɬɢɱɟɫɤɢ 
ɢɫɤɥɸɱɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɫɤɥɚɞɨɤ ɜ ɯɨɞɟ ɩɪɨɰɟɫɫɚ ɜɵɬɹɠɤɢ; 
4. ɇɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦ ɩɨ ɱɢɫɥɭ ɩɟɪɟɯɨɞɨɜ, ɜɟɥɢɱɢɧɟ ɭɬɨɧɟɧɢɹ, 
ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɪɟɠɢɦɭ ɜ ɡɚɝɨɬɨɜɤɟ ɩɪɢɡɧɚɧ ɜɚɪɢɚɧɬ ɜɵɬɹɠɤɢ ɡɚ ɨɞɢɧ ɩɟɪɟɯɨɞ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɧɟɩɨɞɜɢɠɧɨɝɨ ɩɪɢɠɢɦɚ ɢ ɦɚɬɪɢɰɵ ɫɩɟɰɢɚɥɶɧɨɣ ɮɨɪɦɵ. ȼ 
ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɪɨɯɨɞɢɬ ɷɬɚɩ ɚɩɩɚɪɚɬɭɪɧɨɝɨ 
ɨɮɨɪɦɥɟɧɢɹ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɜɧɟɞɪɟɧɢɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɚɤɬ 
ɜɧɟɞɪɟɧɢɹ ɈɈɈ «ȿɁ ɈɐɆ – ɂɇɀɂɇɂɊɂɇȽ» (ɩɪɢɥɨɠɟɧɢɟ ɉ2). 
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ɁȺɄɅɘɑȿɇɂȿ 
 
 ɉɨ ɢɬɨɝɚɦ ɜɵɩɨɥɧɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɩɨɫɬɚɜɥɟɧɧɵɟ 
ɰɟɥɢ ɢ ɡɚɞɚɱɢ ɜɵɩɨɥɧɟɧɵ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ: 
1. ɂɫɩɨɥɶɡɨɜɚɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɯɨɥɨɞɧɵɯ 
ɢɫɩɵɬɚɧɢɣ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɪɚɫɬɹɠɟɧɢɹ ɩɪɨɜɨɥɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɜ ɭɫɥɨɜɢɹɯ 
ɧɟɛɨɥɶɲɢɯ ɫɬɟɩɟɧɟɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɢɡɦɟɪɟɧɢɹ ɭɫɥɨɜɧɨɝɨ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɞɥɹ 
ɨɛɪɚɡɰɨɜ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɧɚɝɚɪɬɨɜɤɢ. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 
ɦɨɧɨɬɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɩɨɞɯɨɞɚ; ɋ 
ɩɨɦɨɳɶɸ ɷɬɨɣ ɦɟɬɨɞɢɤɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɢ 
ɤɪɢɜɵɟ ɭɩɪɨɱɧɟɧɢɹ ɞɥɹ ɫɩɥɚɜɨɜ ɉɥɉɞɊɞɊɭ 81-15-3,5-0,5, ɉɥɊɞ-10 ɢ ɉɥɊɞ-10Ⱦɍ, 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɨɜ. 
2. ȼɵɩɨɥɧɟɧɵ ɝɨɪɹɱɢɟ ɩɥɚɫɬɨɦɟɬɪɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɢɪɢɞɢɹ ɦɚɪɤɢ ɂ99,9 ɜ 
ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 800…1400ɨɋ ɢ ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ 0,2…20 ɫ-1, ɩɨɫɬɪɨɟɧɚ 
ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɢɪɢɞɢɹ ɨɬ ɢɫɫɥɟɞɭɟɦɵɯ 
ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ (ɫɬɟɩɟɧɢ, ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɟɮɨɪɦɚɰɢɢ), 
ɩɨɡɜɨɥɹɸɳɚɹ ɪɚɫɫɱɢɬɚɬɶ ɭɪɨɜɟɧɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɢɪɢɞɢɹ ɩɪɢ ɥɸɛɨɦ 
ɡɧɚɱɟɧɢɢ ɭɤɚɡɚɧɧɵɯ ɮɚɤɬɨɪɨɜ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɪɟɞɟɥɚɯ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ 
ɩɪɢɦɟɧɟɧɵ ɞɥɹ ɨɰɟɧɤɢ ɷɧɟɪɝɨɫɢɥɨɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɝɨɪɹɱɟɣ ɲɬɚɦɩɨɜɤɢ ɜ 
ɩɪɨɟɤɬɢɪɭɟɦɨɦ ɩɪɨɰɟɫɫɟ. 
3. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɫɬɚɧɞɚɪɬɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɤɢ ɧɚ 
ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɲɬɚɦɩɨɜɤɢ ɞɧɚ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ, ɜɵɹɜɥɟɧɵ 
ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɞɟɮɟɤɬɵ, ɤɨɬɨɪɵɟ ɨɤɚɡɵɜɚɸɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɩɪɨɬɟɤɚɧɢɟ ɜɬɨɪɨɣ ɨɩɟɪɚɰɢɢ ɢ ɩɪɢɜɨɞɹɬ ɤ ɩɨɥɨɦɤɟ ɮɨɪɦɨɨɛɪɚɡɭɸɳɢɯ ɛɨɣɤɨɜ ɢ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɜɟɥɢɱɟɧɢɹ ɫɪɨɤɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɫɬɨɢɦɨɫɬɢ ɢɡɞɟɥɢɹ. Ⱦɥɹ 
ɪɚɡɪɚɛɨɬɤɢ ɩɪɟɞɥɨɠɟɧɢɣ ɩɨ ɭɥɭɱɲɟɧɢɸ ɬɟɯɧɨɥɨɝɢɢ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ 
ɪɟɲɟɧɚ ɡɚɞɚɱɚ ɯɨɥɨɞɧɨɣ ɲɬɚɦɩɨɜɤɢ ɨɞɧɨɝɨ ɤɚɧɚɥɚ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ, 
ɩɨɫɬɪɨɟɧɨ ɩɨɥɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɵɯ ɫɤɨɪɨɫɬɟɣ, ɪɚɫɫɱɢɬɚɧɵ ɷɧɟɪɝɨɫɢɥɨɜɵɟ 
ɩɚɪɚɦɟɬɪɵ, ɚ ɬɚɤɠɟ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. ȼ ɢɬɨɝɟ ɛɵɥɢ ɜɵɞɜɢɧɭɬɵ ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ 
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ɭɜɟɥɢɱɟɧɢɸ ɲɚɝɚ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɤɢ ɞɨ ɡɧɚɱɟɧɢɹ ɤɪɚɬɧɨ ɪɚɜɧɨɦɭ ɪɚɫɫɬɨɹɧɢɸ 
ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɫɟɞɧɢɦɢ ɪɹɞɚɦɢ ɜɵɫɬɭɩɨɜ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɭɦɟɧɶɲɢɬɶ ɞɟɮɟɤɬɧɨɫɬɶ 
ɡɚɝɨɬɨɜɤɢ ɩɨɫɥɟ ɩɟɪɜɨɣ ɨɩɟɪɚɰɢɢ ɲɬɚɦɩɨɜɤɢ ɷɥɟɦɟɧɬɨɜ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ 
ɚɩɩɚɪɚɬɚ. Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɪɚɰɩɪɟɞɥɨɠɟɧɢɟ ɜɧɟɞɪɟɧɨ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ 
ɞɟɹɬɟɥɶɧɨɫɬɶ ɈȺɈ «ȿɁ ɈɐɆ», ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɚɤɬɨɦ 
ɜɧɟɞɪɟɧɢɹ (ɉɪɢɥɨɠɟɧɢɟ ɉ1). 
4. ɋ ɩɨɦɨɳɶɸ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ 
ɱɟɬɵɪɟɯ ɜɚɪɢɚɧɬɨɜ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɰɟɥɶɧɨɲɬɚɦɩɨɜɚɧɧɵɯ ɢɪɢɞɢɟɜɵɯ 
ɬɢɝɥɟɣ. ȼ ɢɬɨɝɟ ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɩɨɥɭɱɟɧɚ ɬɟɯɧɨɥɨɝɢɹ ɜɵɬɹɠɤɢ ɡɚ ɨɞɢɧ ɩɟɪɟɯɨɞ ɫ 
ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɟɪɟɯɨɞɨɜ, ɜɟɥɢɱɢɧɨɣ ɭɬɨɧɟɧɢɹ ɢ 
ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɪɟɠɢɦɨɦ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɧɚ ɷɬɚɩɟ ɜɧɟɞɪɟɧɢɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ, 
ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɚɤɬ ɜɧɟɞɪɟɧɢɹ ɈɈɈ «ȿɁ ɈɐɆ – ɂɇɀɂɇɂɊɂɇȽ» (ɉɪɢɥɨɠɟɧɢɟ 
ɉ2). 
ȼɨɡɦɨɠɧɵɟ ɞɚɥɶɧɟɣɲɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɪɚɛɨɬɤɢ ɬɟɦɵ: 
1. Ⱥɧɚɥɢɡ ɜɬɨɪɨɣ ɨɩɟɪɚɰɢɢ ɲɬɚɦɩɨɜɤɢ ɞɧɚ ɫɬɟɤɥɨɩɥɚɜɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ, 
ɪɚɡɪɚɛɨɬɤɚ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɩɨɜɵɲɟɧɢɸ ɫɬɨɣɤɨɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ. 
2. ȼɧɟɞɪɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɜɵɬɹɠɤɢ ɢɪɢɞɢɟɜɵɯ ɬɢɝɥɟɣ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ 
ɰɢɤɥ ɈȺɈ «ȿɁ ɈɐɆ», ɩɪɨɜɟɞɟɧɢɟ ɨɩɵɬɧɵɯ ɪɚɛɨɬ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ – 
ɪɚɡɪɚɛɨɬɤɚ ɤɨɪɪɟɤɬɢɪɨɜɨɤ ɬɟɯɧɨɥɨɝɢɢ. 
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ɉɪɢɥɨɠɟɧɢɟ ɉ1. Ⱥɤɬ ɜɧɟɞɪɟɧɢɹ ɈȺɈ «ȿɁ ɈɐɆ» 
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ɉɪɢɥɨɠɟɧɢɟ ɉ2. Ⱥɤɬ ɜɧɟɞɪɟɧɢɹ ɈɈɈ «ȿɁ ɈɐɆ - ɂɧɠɢɧɢɪɢɧɝ» 
 
